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PREFACE 
Some 25 to 30 yr ago, when we as students were beginning our respective careers and were 
developing for the first time our awareness of marine mammals in the waters separating western North 
America from eastern Asia, we had visions of eventually bridging the communication gap which existed 
between our two countries at that time. Each of us was anxious to obtain information on the distribution, 
biology, and ecological relations of "our" seals and walruses on "the other side," beyond our respective 
political boundaries where we were not permitted to go to study them. We were concerned that the 
resource management practices on the other side of the Bering and Chukchi Seas, implemented in 
isolation, on a purely unilateral basis, might endanger the species which we had come to know and were 
striving to conserve. At once apparent to both of us was the need for free exchange of biological 
information between our two countries and, ultimately, joint management of our shared resources. In a 
small way, we and others made some initial efforts to generate that exchange by personal correspon-
dence and through vocal interchange at the annual meetings of the North Pacific Fur Seal Commission. 
By the enabling Agreement on Cooperation in the Field of Environmental Protection, reached between 
our two countries in 1972, our earlier visions at last came true. Since that time, within the framework of 
the Marine Mammal Project under Area V of that Agreement, we and our colleagues have forged a 
strong bond of professional accord and respect, in an atmosphere of free intercommunication and 
mutual understanding. The strength and utility of this arrangement from the beginning of our joint 
research are reflected in the reports contained in this, the first compendium of our work. 
The need for a series of such a compendia became apparent to us in 1976, and its implementation 
was agreed on by the regular meeting of the Project in La Jolla, Calif., in January 1977. Obviously, the 
preparation and publication of this first volume has been excessively delayed, in part by continuing 
political distrust between our governments but mainly by increasing demands placed on the time of the 
contributors. In this period of growing environmental concern in both countries, we and our colleagues 
have been totally immersed in other tasks and have experienced great difficulty in drawing together the 
works presented here. Much of the support for doing so was provided by the State of Alaska, through 
funding for Organized Research at the University of Alaska-Fairbanks. For its ultimate completion in 
publishable form we wish to thank Helen Stockholm, Director of Publications, Institute of Marine 
Science, University of Alaska, and her staff, especially Ruth Hand, and the numerous referees named 
herein who gave willingly of their time to review each of the manuscripts critically and to provide a high 
measure of professionalism to the final product. 
Il 
Francis H. Fay - United States 
Gennadii A. Fedoseev - Soviet Union 
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The US-USSR Marine Mammal Project 
ROBERT V. MILLER 1 
ABSTRACT 
The Marine Mammal Projed was organized under Area V (Protection of Nature and tbe OrganizatiOil of 
Preserves) of the US-USSR Agreement on Cooperation in the Field of Environmental Protection. From its 
inception in 1973, this Project has sponored a wide variety of collaborative research efforts on the biology, 
ecology, and population dynamics of pinnipeds and cetaceans, principally of tbe Nortb Pacific region. Tbe 
earliest activities involved joint and cooperative researcb on tbe seals and walruses of tbe Bering and Cbukcbi 
Seas, and tbose studies are continuing to yield information of substantial value to both countries for conserva-
tion and management of sbared resour«s. In conjunction witb tbem, tbe Project has placed emphasis on 
development of recommendations for a proposed international agreement on joint management and conserva· 
tion of tbose resources. In recent years, tbe research program bas expanded into studies of the busbandry and 
care of marine mammals in captivity; also implemented were several studies on morpbology and taxonomy, 
which are of prime importance for identification of populational units requiring separate management consid-
eration. The measure of success of sucb a diverse program is the .quantity and quality of reports and 
publications evolving from it. A number of papers have been publisbed separately, but this is the first 
compendium of original reports on tbe studies ofPinnipedia. A second compendium, on studies or Cetacea, is in 
preparation. 
PE310ME 
npoeKT 0 MOPCKHX MJleKOnHTalOwHX [pa3)1eJl 05, "OxpaHa npHpO)1h1 H OpraHH3allH" 3anOBei1HHKOB» I 
C03)10H B 1973 r. B paMKax "COrJlOWeHHlI MelK!1Y CCCP H CiliA 0 COTpY)1HH'IeCTBe B 06J1aCTH oxpaH", 
oKPYiKalOUJ.eH cpe.r.bJ)~. 3TOT npoeKT OXB8TblBaeT palHoofipalHble COBMeCTHbie HCCneJl,OBaHHJI no 6HonorHH, 
lKOJlorH", H ,UHllaMHKe nonyJUI~jI JlaCTOHorHX H KHToo6palHblx, rJlaBHblM 06paloM B ceBepHoii '-IaCT" THxoro 
OKeaHa. nepaOHa'-lSJlhHLle MeponpHRTHR BKJllOqanH CQBMeCTHbie HCCneJl,OBSHHH no TlOlleHHM H MopiKaM 
IiepHHroBa H lJ YKOTCKoro MOpe"; 3TH pa60Tbl npOllOJllKalOTClI H )1alOT lIeHHYIO MR 060HX CTpaH HII<j>opMaIlHIO 
no coxpaHellHIO H perYJlHpOOallHIO pecypCOB, npe)1CTaBJlRlOlllHX 60JlbWOe 3Ha .. eHHe )1JlR CCCP H CiliA. B noil 
CDA]" 8 paMK3X npOCKT8 nepBOCTeneHHoe BHHMaHHC YJlCJUIJlOCb palpafioTKe peKOMeH,£I.su,"" AnA nn8HHpYCMoro 
MelKJlYHapOAHoro cor name""JI 0 COBMeCTHOM peryJ1Hp003HH" H coxpaHeHH" JTHX pecypC08. B 1I0CJle)l"HC rOAbl 
HCC.rtCJl,OU8TeJlbCK3a nporpaMMa 6blJ18 paCWHpCH8" BKJlK)1.Jan3 H1Y1.JeHHC KltTOB, a TaKiKe BonpOCbI pSJ8eJl,CHHJI." 
CO)lepmaHHA MOPCKHX MJlCKOIIHT31OUJ.HX B OKeallap"YM3X. np080AATCR T3KiKe lIeKOTOpble pa60Tbi no 
MOp~OJlOr"H " TIltCCOIIOMHH, KOTopLle HMCIOT uamHoe 3HaQCHHe ,[I,JU1 onpeJleJ1CtlHJI OT,IJ.eJlbltltiX nonYJlALJ."", 113 
KOTopble IIY)KHO 06paTHTb Deo6oe BHHM811He 8 06n3CTH peryJlHp088HHA J3naCOB. 
Y c"ex A3HHOH KOMnJleKCtloH nporpaMMbl onpCJl.eJlReTCH KOJ'lH'ieCTBOM H K8'ieCT80M ,[I,OKJl3).lOB " ApyrHx 
ny6J1HK3UHH, BblTeK3JOUJ,HX "3 nee. :lTD - nepBblii C60pUHK T8KHX jJ.OKJl8jJ.OB 06 HCCJleAOB8UHHX J1aCTOllQrHX. 
BTOPOIt C60PIIHK, lIocBRLUellllblH KHToo6pS3HblM, rOTOBHTCR K neqaTH. 
INTRODUCTION 
On 23 May 1972 in Moscow, President Nixon of the USA and 
President Podgorny of the USSR signed an "Agreement on Cooper-
ation in the Field of Environmental Protection." That agreement 
recognized the great importance placed by both countries on solving 
mutual problems of environmental protection, and it expressed the 
bel ief that progress could be made on their solution more effectively 
through cooperative rather than through unilateral action. Among 
the areas agreed on was cooperation in the "Protection of Nature 
and the Organization of Preserves." This became Area V of the 
En vironmental Agreement and subsequently included a "Marine 
Mammal Project" (Table 1). 
The objective of our cooperative effort within the Marine Mam-
mal Project has been to develop collaborative research on the 
biology, ecology, and popUlation dynamics of marine mammals of 
I Deputy Director, National Marine Mammal Laboratory. National Marine 
Fisheries Service, NOAA, 7600 Sand Point Way NE., Seattle, WA 98115, USA. 
interest to both countries, thereby contributing to sound manage-
ment and conservation of those animals. This need for better scien-
tific information, with which to achieve better management of 
marine mammals, was recognized and enunciated from the 
beginning. 
From that initial step, a vigorous program of cooperative and 
joint research on marine mammals evolved between our two coun-
tries. The first formal meeting between Soviet and American scien-
tists under th is program took place in January 1973, during the 
organizational meeting for development of Area V. In those initial 
discussions, guidelines were established that have continued to 
inHuence our progress. A ll species of marine mammals were recog-
nized as bei ng of mutua l concern , in any geographic area of the 
world. Nonetheless , the most appropriate areas fo r concentrated 
cooperative effort were recognized as those 0 the North Pacific 
region, particularly the Bering and Chukchi Seas , because of our 
common interests and common borders there. A few species, such 
as northern fur seal and polar bear, were excluded from consider-
ation by the Project, because each already was included under other 
ongoing international programs. 
Table I.-Organization of activities under the US· USSR Environmental Protection Agreement. The program is administered by lite 
Joint Committee, made up of American and Soviet Chairmen and Executive Secretaries. 
Area Projects 
I Prevention of air pollution 
II Prevention of water pollution 
III Prevention of pollution associated with agricultural I. Conservation of wild species of flora and fauna 
production 2. Protection of northern ecosystems 
I V Enhancement of the urban environment 3. Reclamation and revegetation of disturbed land 
V Protection of nature and the organization of preserves ----------1 
VI Protection of the marine environment from pollution 
4. Biosphere reserves 
5. Arid ecosystems 
VII Biological and genetic effects of environmental 
pollution 
VIII Influence of environmental changes on climate 
IX Earthquake prediction 
X Arctic and subarctic ecological systems 
X I Legal and administrative measures for protecting 
environmental quality 
Generally speaking, the US-USSR Marine Mammal Project con-
sists of four levels of activity: 
I) Exchange of publisbed information. In the USA, a full set of 
exchanged materials is deposited in the library of the National 
Marine Mammal Laboratory in Seattle, Wash., and duplicates are 
distributed to institutions involved in the subject research. 
2) Continuous exchange of unpublished data resulting from 
cooperative research efforts. These data are available to both sides 
and usually are exchanged on a scientist-to-scientist basis. 
3) Coordination ofresearch conducted under national programs. 
This has involved standardization of methods, formats, and scope, 
and cooperative or joint analysis of resultant data. 
4) loint research expeditions. Scientific personnel of both coun-
tries have worked together on joint and complementary research in 
the field. 
The third and fourth levels have been the substantive parts of the 
Project. 
Operationally, the Project involves development of proposals by 
each side for collaborative work, which are discussed at Project 
meetings. Those meetings take place at 18-mo intervals, alternately 
in the USA and the USSR. On the US side, a 7-man Steering/ 
Planning Committee reviews proposals made by scientists through-
out the marine mammal research community and assists in develop-
ing a coherent package to put forward at the Project meetings. The 
Steering Committee also makes recommendations on policy and 
direction of the program. After agreement is reached at the Project 
level, those proposals are reviewed by the Joint Committee of the 
overall Environmental Agreement. If approved by that body, they 
become binding commitments on the two sides. 
The following is a resume of activities of the Project, from its 
inception in 1973 to the end of its first 6-yr segment in 1978. 
PINNIPED RESEARCH 
The earliest efforts within the Project involved joint studies of 
pinnipeds in the Bering and Chukchi Seas. Those studies were 
initiated because of recognition that unilateral efforts, while con-
tributing to the information base on the biology and ecology of 
walruses and seals, only addressed part of the problem. Both sides 
recognized that the populations of walruses, ringed, ribbon, spot-
ted, harbor, and bearded seals occur over wide areas of the Bering 
and Chukchi Seas, generally corresponding to the movement of the 
pack ice and transcending political boundaries. The same popula-
2 
6. Marine IIUUIlIWlIs 
7. Plant and animal ecology 
8. Ichthyology and aquaculture 
tions are harvested by both countries, at least for subsistence pur-
poses by native peoples. Therefore, management of those species, 
to be effective, must be based on understanding and consideration 
of the total data base, including harvests and other impacting factors 
from both sides. 
A highly successful initial effort was the pinniped research cruise 
on the RV Alpha Helix during luly-August 1973. Tho Soviet and 
eight American scientists participated in that cruise, on which 
studies were conducted of morphology, physiology, taxonomy, and 
distribution of walruses and several species of seals in the eastern 
Bering Sea and throughout the Chukchi Sea. Some results from that 
cruise were reported earlier by Burns and Fay (1974)3, Halasz et al. 
(1974), and Hammel etal. (1977). Others are reported in this volume 
(Burns and Gol'tsev 1984). 
In 1974, two American scientists visited several marine mammal 
laboratories in the Soviet Union to study extensive collections of 
osteological specimens and to work with Soviet colleagues on the 
taxonomy of walruses and phocid seals. The data accruing from 
those studies contributed toward clarification of the taxonomic 
status of seals of the North Pacific region, as reported by 
Shaughnessy and Fay (1977) and in the paper by Bumset al. (1984). 
During the autumn of 1975, the first cooperative Soviet-
American aerial census of walruses was conducted in the Bering 
and Chukchi Seas. The Soviet surveys covered the regions west of 
the International Date Line, and the American surveys, the eastern 
regions. Some of the results and statistical problems associated with 
the American surveys were reported earlier by Estes and Gilbert 
(1978); the combined results are reported for the first time in the 
paper by Estes and Gol'tsev (1984). 
In January 1976, a special conference on the biology of walruses 
and ice-associated seals was held in Moscow. The conference re-
viewed much of the current state of knowledge of those animals and 
developed preliminary plans for long-range research, calling for I) 
increased emphasis on studies at the community and ecosystem 
levels, 2) evaluation of current aerial survey methods, and 3) 
development of joint studies in Alaska and Chukotka on population 
dynamics, herd structure, and activity patterns. An exchange· of 
information on systems of standard measurements for pinnipeds 
was discussed at the conference, and consideration of the question 
of standardization of cetacean measurements was proposed as a 
subject for discussion at future project meetings. The measurements 
'Burns, J. J., and F. H. Fay. 1974. New data on taxonomic relationsbips among 
North Pacific harbor seals, genus .Phoca (sensu stricto). lAbstr.) Trans. First Int. 
Therio!. Congr. 1:99. Nauka. Moscow. 
used by Soviet and American biologists have not been entirely 
comparable, but with increasing collaborative efforts, a unified 
system may eventually be implemented . 
Another major item discussed at the conference was the need for a 
convention for joint Soviet-American conservation of walruses and 
ice-associated seals in the Bering and Chukchi Seas. Recognizing 
that unilateral protective measures occasionally may succeed in 
reversing downward trends of populations, the consensus of the 
meeting was that closer communication and joint management of 
these pinnipeds would be of greater mutual value to our two coun-
tries. Of particular concern was the potential environmental degra-
dation resulting from increasing human populations and commer-
cial development of the continental shelf. The scientists involved 
identified a list of basic management and conservation principles 
that could form the basis for such a convention, and agreed on a 
proposal to carry this forward in exploratory discussions within 
their respective governments. 
In spring 1976, three American and four Soviet scientists partici-
pated in a research cruise on the ZRS Zagoriany in the southeastern 
Bering Sea. New information was obtained on distribution, popula-
tion structure, and biological characteristics of walruses and of 
spotted and ribbon seals. Some results of that work were reported by 
Fay et al. (1977)\ Gol'tsev (1978)5, Yurakhno (1978)6, Fay (1982) , 
and Fay and Furman (1982); others are included in several papers in 
this volume, for example on helminthology of spotted seals 
(Delyamure et al. 1984), on time and place of mating by walruses 
(Fay, Ray, and Kibal'chich 1984), and on feeding habits of walruses 
(Fay, Bukhtiyarov, Stoker, and Shults 1984) and spotted seals 
(Bukhtiyarov et al. 1984). 
At the same time as the Zagoriany expedition in April 1976, three 
coordinated aerial surveys of pinnipeds in the pack ice of the Bering 
Sea were conducted by Soviet and American scientists. This was the 
most thorough coverage of the region ever completed. Some results 
of the American surveys were reported earlier by Burns and Harbo 
(1977)7 and Krogman et al. (1979)8. The combined results, reported 
in this volume by Braham et al. (1984), provide a comprehensive 
view of distribution and density of walruses and ice-associated seals 
in the Bering Sea pack ice . 
Later in 1976, an American and two Soviet scientists studied 
ringed and bearded seals at Wainwright, Alaska, and visited several 
museums in the United States. New concepts of the systematics and 
biology of those species and of spotted and ribbon seals in the 
Bering Sea were developed as a result of the visits, some results of 
which are reported by Fedoseev (1984). 
' Fay, F. H. , R. A. Dieterich , and L. M. Shults . 1977. Morbidity and mortality of 
marine mammals· Bering Sea. In Environmental assessment of the Alaskan conti· 
nental shelf. Annual reports of principal in vestigators for the year ending March 
1977, Vol. I. p. 161·188. NOAA Environ . Res. Lab., Boulder, Colo. 
' Gol'tsev, Y. N. 1978. Materials on reproduction of the Pacific walrus. Abstracts 
7th AII · Union Conf. Marine Mammals, p. 89. Ministerstvo Rybnogo Khozyaistva 
SSSR, Moscow. 
' Yurakhno, M. V. 1978. Toward the study of the helminth fauna of pinnipeds 
inhabiting the eastern part of the Bering Sea. Abstracts 7th AlI·Union Conf. Marine 
Mammals, p. 363·364. Ministerstvo Rybnogo Khozyaistva SSSR, Moscow. 
'Bums . J. J., and S. J. Harbo , Jr. 1977. An aerial census of sponed seal , Plwca 
vimlina largha. and walruses, Odobenus rosmartts, in the ice front of Bering Sea. In 
Environmental assessment of the Alaskan continental shelf. Quarterly reports of 
principal investigators, April·June 1977, Vol. I, p. 58·132. NOAA Environ . Res. 
Lab., Boulder, Colo . 
"Krogman, B. D. , H. W. Braham , R. M. Sonntag, and R. G. Punsly. 1978. Early 
spring distribution, density, and abundance of the Pacific walrus (Odobenus ros· 
marus) in 1976. Final report , R.U. 14 , 47 p. Outer Continental Shelf Environmental 
Assessment Program. NOAA Environ. Res . Lab .• Boulder, Colo. 
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Two cruises, one American and one Soviet, were conducted in the 
Bering and Chukchi Seas in 1978 with joint scientific participation. 
Both cruises studied the distribution and biology of walruses and ice 
seals in their respective areas of deployment, contributing further to 
the data base on these species and adding to the foundation of 
knowledge so important to our two nations . 
CETACEAN RESEARCH 
Studies of cetaceans were initiated within the Project somewhat 
later than those on pinnipeds. American and Soviet scientists par-
ticipated jointly in a research expedition aWard the whale-catcher 
KS Vnushitelny from February to April 1975 in the eastern and 
central tropical Pacific. Activities included "Discovery-marking" 
and extensive observation of distribution and behavior of large and 
small cetaceans in a region hitherto little explored by cetologists . 
Approximately 2,000 large whales were sighted during the cruise 
and 179 sperm whales were marked . Particularly noteworthy was 
the sighting of several groups of blue whales between Mexico and 
the Galapagos Islands and of a group of more than 100 blue whales 
near the California coast. Also of interest was the finding that sei 
and Bryde's whales occur together in the same habitat. The data 
obtained on distribution and behavior of large whales during that 
cruise, as well as during the Zharkii cruise in 1977, are of major 
significance to the work of the International Whaling Commission. 
Of especial importance will be the ultimate findings from the 
Discovery-marking. 
More than 6,000 delphinids were sighted during the Vnushitelny 
cruise. They included 10 species of the genera Slenel/a, Sleno, 
Tursiops, Peponocephala, Grampus, Orcinus, Lagenode/phis , and 
Globicephala. The information gained on distribution, herd size, 
and abundance was of direct value to the American porpoise/tuna 
program, which is monitoring the status and trends of populations 
of porpoises in connection with the eastern tropical Pacific yellowfin 
tuna fishery. 
Exchanges of scientists during 1975, 1976, and 1977 enabled 
collaboration on a series of morphological studies of large and small 
cetaceans. One study compared the arrangement of blood vessels 
and muscle weights in the flukes and dorsal fins of several species of 
delphinids to better define the morphological basis for the hydro-
dynamic attributes of these animals. Another study compared the 
ontogeny of two species of delphinids. A major, continuing study is 
examining the color patterns of several species of large and small 
cetaceans, primarily sperm and killer whales. The major task of 
cataloguing the cetacean specimens in Soviet and American 
museums also was begun during these exchanges. 
The scope of cetacean work within the Project has broadened in 
recent years to include joint participation in field tests of radio-tags 
remotely applied to humpback whales and cooperative studies of 
bowhead or Greenland whales. Scientists from both countries are 
studying the population characteristics and dynamics of Black Sea 
dolphins and comparing them with those in the eastern tropical 
Pacific. The information gained from these studies may have sig-
nificant implications for management programs in both countries. 
THE FUTURE 
In other areas, jOint work is planned or underway on a wide 
variety of subjects . For example, there is interest in expanding 
information exchange on husbandry, care, and maintenance of 
marine mammals in captivity, the plans for which originated during 
an exchange of scientists who visited oceanaria in both countries in 
1977 and 1978. American and Soviet scientists are studying the 
physiology and population dynamics of the Baikal seal, in an effort 
to gain better understanding of that species. Agreement has been 
reached to undertake joint studies on the community relationships 
of sea otters in Alaska and the Commander Islands. New work on 
walruses, northern sea lions, harbor seals, and ringed seals in 
Alaska and the Soviet Far East is concentrating on life history, 
ecology, and population status . Finally, the two governments are 
continuing exploratory discussions concerning an agreement for 
mutual conservation of walruses and ice-associated seals in the 
Bering and Chukchi Seas. 
Thus far, the Project has been remarkably successful in imple-
menting exchanges of people and information, but not always 
smoothly. Major problems have arisen in achieving sufficiently 
advanced communications regarding cruise schedules, personnel 
exchanges, travel schedules, visa acquisitions, etc . In this age of 
almost instantaneous communication by satellite and other sophis-
ticated means, transmission of a single "yes" or "no" between 
continents sometimes is impossible to arrange in less than a week's 
time. 
A more substantive impact on the joint research has been the 
restriction of access to key areas of marine mammal concentrations, 
principally in the Soviet Far East. This problem, which has not yet 
been solved, has retarded our research efforts on some species, 
notably walruses, gray whales, and ringed seals. Nonetheless, we 
are optimistic that options for collaborative work in several desir-
able locations will emerge, with continuing efforts at both the 
Project and Joint Committee levels. To fulfill our goals, access ro 
key areas for joint marine mammal research must continue to 
improve. 
At the same time, a lack of effort on some subjects, such as 
obtaining statistics on subsistence catch of seals, on the part of the 
United States, causes continued uncertainty in determining the 
impact of total harvest on the populations of these species. 
From a modest beginning, the Project has developed a broad 
scope of research, which now addresses not only the biology of 
Bering-Chukchi pinnipeds, but cetacean and pinniped morphology, 
systematics, and population dynamics, as well as technological 
exchanges on methods for husbandry and maintenance of marine 
mammals in captivity. It also has advanced the development of 
recommendations for international agreement on conservation and 
management of marine mammal resources of mutual concern to 
both countries . 
The research on pinnipeds thus far has resulted in numerous 
reports and publications, but this is the first compendium of joint 
work under the US-USSR Marine Mammal Project. A second 
volume, on cetacean research, is in preparation for subsequent 
publication. With further growth ofthe Project and improvement in 
communications, we anticipate increasing opportunities for addi-
tional collaborative work and publications of this type, to the 
mutual benefit of our two countries. 
4 
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Craniological Analysis of Harbor and Spotted Seals 
of the North Pacific Region 
JOHN J. BURNS,' FRANCIS H. FAY,2 and GENNADII A. FEDOSEEy3 
ABSTRACT 
We reexamined the taxonomic status of the geroJlimensis, richardsi, and s/ejnegeri forms of harbor seals, 
Phoca vi/alina, in the North Pacific Ocean by comparing the cranial differentiation among them wi lh Ihe 
differenliation of P. vi/alina from its sibling species P. largha, Ihe spoiled seal. This assessment was based 
primarily on the results of three discriminanl analyses and a Q-mode cluster analysis, for which we used both 
measurements and nonmetrieal characters of skulls. The results showed that the differentiation of vi/ulina from 
[argha is greater than that among the three Pacific forms of vitalina. Within vi/alina, the geronimensis form in 
southern California and Mexieo is nol clearly differentiated from richardsi. The stejnegeri form, conversely, 
has become differentiated suffieiently for subspeeific status. The "boundary" between s/ejnegeri and richardsi 
is not in Near Strait as proposed earlier; instead, it seems to be in the vicinity of the eastern Aleutian Islands and 
Alaska Peninsula. A firm conclusion on that point cannot be reached, however, without study of additional 
specimens from that region. 
PE310ME 
HaM" npODl'~ell T8KCOHOMH11ecKHH cTaTYc pa3HOBH,JlHOCTeH 06b1KHOOeHtlOrO noneHR [Ph. vitulina] 
geronimensis, richards; " stejnegeri B ceBcpHoH t.taCTH THxoro OKeaHa nYTeM cpaBHeHHH KpaHHOIlOf'W-leCKltX 
pa3JIH'-tHH Cpefl.H HItX It CHX DH,llOM }l,BOit"HK'OM nRTHHCTblM TlOneHeM [Ph.larghaJ. ')TII HCCJle,QooaHHH OCHOB8Hbi 
r.laBltblM 06pa30M Ha pe3Y.JlbT8TaX .Ll.HCK'PHMHH3HTHOrO" KJlHCTeplioro ((Q-mode)) aHanH100 C HCnOJlblouaHHeM 
MCTpW·ICCKHX It HCMCTPW-leCK'HX npU1HaKOB 'iCpenOB. PC1),nbT3Tbl nOKa13nH, 'iTO )l,u<il4>epCHQHallUH Mcm.uy 
vitulina H largha t')O.llbWC, LfCM CPC)lH Tpex THXOOKcanCKHX pall-lOBHAHOCTCH 06blKHOSCHHoro TI()JlCHH [vitulina]. 
PalHoBH)l,IIOCTH 06blKBOOCHHoro TWJ1CHH geronimensis IO)KHOH KaJlHcpop"HH " MeKCHKH nnoxo 
LlII<jJ<jJepeIlUHpooallbl OT richardsi. <i>opMa stejneger; HanpoTIIO 1\H<jJ<jJepeHL\HpOOallaCb II oTRe ... eT CTnycy 
no.uOH.ua. 
CaMbl" 60JlbWOH palpblB 0 rpa,lJ,HCHTC Mop<ilOJlOrH'-lCCKHX palJlHlJH" Ka)KCTCA B COCe)l,"HX P3HOH3X 
BOCTO'-tHOH '-taCTH AJ1CYTCK'HX onpOBOR H nOJlYOCTPOWl AJlRCKa. 
B laKJlIO'fCU"C OTMCTHM, 'ITO "lJlOiKeHH3H TO'IK3 lpCHHH He MomCT 6blTb OKOII'-taTCJ1bHOii Gel 
jl.OnO.llH~TeJlbHbiX HccnCJl.003H"" )THX nOJl,8HnOB R YKaJ3HHbiX paHoHax. 
INTRODUCTION 
A series of recent works on the taxonomy of seals of the genus 
Phoca (in the strict sense) of the North Pacific region by Chapskii 
(1955,1960, 1967, 1969), Belkin (1964), Mohr (1965), McLaren 
(1966), Bigg (1969,1981), Naito and Nishiwaki (1972,1975), and 
Shaughnessy and Fay (1977), has led to worldwide recognition of 
the sibling species, P lnrgha Pallas, the spotted or larga seal of the 
.;easonal pack ice, and P vitulina Linnaeus, the harbor or common 
seal of Ihe coasts and islands. The taxonomic status of Iwo other 
forms, described earlier by Allen (1902) and Doutt (1942) as P 
stejnegeri of the Commander Islands and eaSlern Asia and P v. 
geronimensis of southern Cal ifornia and Mexico, slill remains 
unsettled. The stejnegeri form was redescribed by Inukai (1942) as 
P okhotensis kurilensis and later by Belkin (1964) as P insularis. At 
present il is regarded as rare and endangered in both Japan and the 
Soviet Union; for Ihat reason alone, ils taxonomic status needs 10 be 
resolved. 
Shaughnessy and Fay (1977) reviewed Ihe informalion on harbor 
and spotted seals of Ihe NOrlh Pacific region and concluded (as had 
Mohr 1965; Chapskii 1969; Bychkov 1971; Burns and Fay 1974;4 and 
Kosygin et al. 1975") that the coastal harbor seals of the North 
Pacific region, from northern Hokkaido in the west to Baja Califor-
nia in the east, appeared to comprise only one polytypic taxon, P. 
villliina richardsi (Gray), rather than two or Ihree. The concepl of a 
single subspecies of P. vilulina in the North Pacific, however, has 
not been popular. To lesl that taxonomic theory with somewhal 
greater rigor than before, we statistically examined bOlh Ihe differ-
ences and Ihe similarities among a large series of crania of those 
seals, collected throughout the North Pacific region. This work, 
begun in 1970, has been continued since 1973 in the context of Ihe 
US-USSR Marine Mammal Project. 
METHODS 
We examined skulls of 435 Pacific harbor and spoiled seals, the 
I Alaska Department of Fish and Game, 1300 College Road. Fairbanks, AK 99701. 
USA. 
'Institute of Marine Science, University of Alaska, Fairbanks. AK 99701. USA. 
"'Magadan Branch, Pacinc Research Institute of Fisheries and Oceanography 
(MoTINRO). Nagaevskaya 51, Magadan 685013. USSR. 
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·'Burns. J. J., and F. H. Fay. 1974. New data on taxonomic relationships among 
North Pacinc harbor seals. genus Phoca (sensu stricto). [Abstr.] Trans. First Int. 
Therio!. Congr. 1:99. Nauka, Moscow. 
'Kosygin, G. M., A. E. Kuzin. and E. I. Sobolevskii. 1975. Systematic position. 
morphology. and ecology of the Kuril seal. /11 Marine mammals. Materials 6th 
all-union conL 1:151-153. [Abstr.1 Naukova Dumka, Kiev. 
majority of which were adult animals. These were drawn from 21 of 
the major osteological collections in the Northern Hemisphere 
(Appendix J). 
For each specimen, insofar as possible, we recorded 37 cranial 
characters, including 29 measurements and 8 nonmetrical attributes 
(Figs. I. 2), in addition to date and location of collection, sex. and 
relative age. Those characters were selected in part on the basis of 
universal mammalogical methods and in part on the basis vf our 
mutual experience and our interpretations of Chapskii's (1967, 
1969) contributions. Relative age of each specimen was determined 
from the degree of closure of eight cranial sutures (after Doutt 1942): 
Occipito-parietal, squamoso-parietal, interparietal, fronto-parietal. 
interfrontal, bas iocci pital- bas is phenoidal. bas is phenoidal-
1-----4-------1 
1----- 5 -----I 
presphenoidal, and intermaxillary. The degree of closure of each 
suture was assessed visually and assigned a numerical score from I 
to 4. The minimal value of I was given for sutures which were open 
wide; the maximum of 4 was given for those fully ankylosed. 
Females with total scores of 28 to 32 and males with total scores of 
30 to 32 were regarded as adults, usable in the analysis. Skulls with 
lower scores were not included in the analyses because most of the 
cranili measurements tend to increase with age during the juvenile 
and subadult stages of growth. 
Each variable was measured to the nearest 0.1 mm; each nonmet-
rical character was ranked and assigned a numerical score, based on 
our judgement of its conformity to one of the diagrams in Figure 2. 
The rank-order of those nonmetric characters is debatable in some 
1----- 6 ----.-I 
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Figure 1.-Dorsal and ventral views of the skull (upper) and laterat views of the skull and mandible (lower) of seals of the Phoca vi/uJina-P. largha type, showing 26 of 
the measurements used in tbis study: I) condylobasallengtb, 2) patatallengtb, 3) length of upper tootb row, 4) greatest widtb at mastoids,S) greatest widtb of cranium, 
6) greatest zygomatic widtb, 7) beight of cranium, 8) length of mandible, 9) heigbt of mandible at coronoid process, 10) lengtb oflower tootb row, II) height of mandible 
bebind the molar, 12) overalllengtb of uasals, 13) lengtb of maxillo-frontal suture to anterior end of nasals, 14) widtb of nasals at maxillo-frontal suture, IS) maximal 
width of external nares, 16) widtb of snout at canines, 17) least interorbital widtb, 19) widtb of palate behind 6rst molars, 20) least width of palate at pterygoid bamuli, 
21) width of buJla from notch anterior to anditory process to middle of carotid foramen, 22) greatest Il9)l1h of bulla, 23) greatest widtb at condyles, 26) lengtb of snout 
from anterior edge of nasals, 34) presence of sagittal crest, 3S) greatest lengtb of jugal, 36) width of bulla from tip of auditory process to anterior edge of carotid 
foramen. 
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instances and obviously not continuous in any. We recognized the 
weaknesses of combining such discontinuous data with the con-
tinuous data from the measured variables, but we did so initially 
because the emphasis in earlier taxonomy of these seals had been 
heavily on those categorical attributes. Ultimately, they mostly 
were not found to be powerful as discriminators. 
The skulls of largha were from specimens taken in the pack ice of 
the Okhotsk, Bering, and Chukchi Seas. Those of vilulina were 
from coastal areas in the North Pacific Ocean and southern Bering 
Sea. Each of those coastal areas was given a numerical code, as 
shown in Figure 3. Skulls of the three forms of vitulina were from 
specimens taken in the following geographical areas, approxi-
33 
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mately conforming to the limits originally described by Allen 
(1902): Areas 100-150 = stejnegeri, areas 160-280 = richardsi, and 
areas 300-310 = geronimensis. 
Males and females were treated separately because of differences 
in size'and proportions, as shown by Fisher (1952), Bishop (1967), 
Chapskii (1967), Bigg (1969), Naito and Nishiwaki (1972), Burns 
and Fay (footnote 4), Pitcher and Calkins (1979),6 and Burns and 
'Pitcher, K. w., and D. G. Calkins. 1979. Biology of the harbor seal, Phoca 
vilulina richardsi, in the Gulf of Alaska. Final report, R.U. 229, 72 p. Outer 
Continental Shelf Environmental Assessment Program, NOAA Environ. Res. Lab., 
Boulder, Colo. 
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Figure 2.-Cranial measurements and non metrical characters in skulls of seats of the Phoca vilulina-P. /argha type used in this study: 18) greatest anterior-posterior 
length of second upper premolar, 24) greatest width of foramen magnum, 25) greatest height of foramen magnum, 27) distance from posterior end of vomerine septum 
to medial edge of palate, 28) shape of jugo-squamosal suture, 29) extent ofnaso-premaxillary contact, 30) shape of palatal margin, 31) angle of second upper premolar 
relative to tooth row, 32) shape of pterygoid hamuli, 33) shape of bulla and auditory process in anterior view (skull inverted), 37) shape of anterior nares. 
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Gol'tsev (1984). Because many of the skulls were partly broken, the 
full suite of 37 characters was not available from all. For that 
reason, sample sizes varied among analyses, depending on which of 
the characters were being compared and the type of statistical 
treatment employed. 
The data were analyzed in four ways . In the first , a set of II ratios 
of cranial dimensions which had been pointed out by Chapskii 
(1967) as being useful for discrimination between largha and vit-
ulina were used in a discriminant analysis (Nie et al. 1975) . Those 
ratios were of measurements 2,3,4, 12, 13 , 22 , and 35 relative to 
condylobasal length, of measurements 6, 16, and 17 relative to 
greatest width at mastoids, and of measurements 25/24 (see Figs . I, 
2). For that analysis, a sample of 39 specimens of largha (21 males 
(M), 18 females (F» was compared with 229 specimens of Pacific 
vilulina (87M , 142F) . 
In the second procedure, we also employed discriminant analy-
sis, but instead of ratios, we used all 37 of the metrical and 
non metrical characters. Our objective was to compare the discrimi-
nation between largha and vilulina with that among the three 
Pacific forms of vilulina . All samples were smaller than in the 
previous analysis (largha 14M, 12F; stejnegeri 8M, 12F; richardsi 
38M, 74F; geronimensis 3M, IF), because of the requirement that 
each specimen have the full suite of 37 characters . 
For our third treatment, we excluded the largha phenotype and 
performed a factor analysis (Nie et al . 1975) of all 37 characters for 
all of the vitulina seals . Resultant factors with an eigenvalue > 1.0 
were considered. Ten factors for males accounted for 77% of the 
variance; eight factors for females accounted fo£,80%. From a 
varimax rotation, we selected characters with high loadings in the 
Bering 
S~O 
individual factors. For each sex, we chose 14 nonredundant and, as 
far as possible, nonlinked characters. 
After selecting the 14 characters for each sex, we performed a 
discriminant analysis with the entire series of vitulina samples, 
subdividing them into five geographical groups, a(; follows: 100-150 
(Hokkaido to Commander Islands), 170-190 (Aleutian and Pribilof 
Islands), 200-220 (Bristol Bay and Alaska Peninsula to Kodiak 
Island and Cook Inlet), 230-280 (Prince William Sound to Washing-
ton), and 3OO-3JO (California to Mexico) . In the discriminantanaly-
sis , the objecti ve is to optimize the statistical descriptors of differ-
ence among groups; the similarity among groups is not emphasized 
analytically. 
In the final treatment, we performed a Q-mode cluster analysis 
(Parks 1970), with a simple distance function as a measure of 
simi larity among specimens of the vilulina sample . Variables were 
the 14 selected by factor analysis for males and females. In the 
Q-mode cluster analysis, distance coefficients were weighted ac-
cording to percent of total variance accounted for by each principal 
component. This procedure re-sorts the individual specimens into 
clusters on the basis of their similarities, rather than differences . 
RESULTS 
Discriminant Analysis with Measurement Ratios: 
vitulina vs. largha 
The II ratios of cranial dimensions identified by Chapskii (1967) 
as being useful for discriminating largha from vitulina were not 
adequate in themselves to classify correctly all of the specimens. 
60 
". 
180" ·'··'--r 
I 
North Pacific Ocean 
300 
120 150 1 0 I~ 150 1 5 120 
Figure 3.-Numtricul codes and boundaries (dashed lines) of geographlCIII SIlmplin ~1I!i for harbor "em in the North Pacific ~loo . Nqt shu_is £ooe 160, whirh 
was IISI'lgoed to. ingl~ speclmtn from an w~lfied loedlt)' In "southeast""' Ikring Sea." 
The results of the discriminant analysis were that only 205 (76%) of 
the 268 skulls were correctly classified on the basis of those II 
ratios; the rest of the specimens were misclassified. Thus, the ratios 
alone are not as powerful in discrimination as Chapskii had implied, 
though they clearly have some value . 
The discrimination of harbor seals collected in areas bordering 
the Okhotsk and Bering Seas showed a very strong tendency for 
greater success (84.5% correct) than did discrimination of harbor 
seals collected in western North America, from the Gulf of Alaska 
to Mexico (73.0% correct) (87!103 vs. 92!126, X2 =3.708: 
0.05 < P < 0.06). Spotted seals of the Okhotsk Sea also tended to be 
classified correctly more often than were those of the Bering Sea 
(Table I), but the samples were small and the difference between 
them was not significant (X2 = 1.22, P > 0.25) . 
Table 1.- Percent of Pacific harbor, Phoca vitulina and 
spotted, P. kugha, seal skulls correctly and incorrectly identi· 
fied by discriminant analysis, based on 11 ratios of cranial 
measurements.' 
Actual taxon 
largha vilu/ina 
Predicted Okhotsk Bering Eastern Western 
taxon (N=12) (N=27) (N=103) (N=126) 
largha 83 59 16 27 
viwlina 17 41 84 73 
'Ratios identificd by Chapskii (1967) as diagnostic of the Jargha 
phenotype. 
Table 2.-Group means and standard deviations of ratios of skull measure-
ments for male and female spotted and harbor seals.' 
P.largha P. l-';Iulina 
Ralio of Male Female Male Female 
cranial (N=21) (N=18) (N=87) (N= 142) 
measurement mean:!: SO mean:!:SD mean:!:SD mean:!: SO 
2/1 :Palalallength/CBL' 36.4:!: 18 . 1 41.2:!: 10.4 38.6:!: 16.3 39.2:!: 14. 1 
3/1 :Lenglh upper tooth 
rowiCBL 27 . I:!: 13.5 32.8:!: 0.8 29.2:!: 12 .4 30.7:!: 10.2 
4/1 :Mastoid width/CBL 45.0:!:22.4 54.7:!: 13.8 47.5:!:22.7 51. 1 :!:20.2 
12/1 :Nasal,ength/CBL 19 . I:!: 11 . 1 23.7:!: 1.9 20.6:!: 9 .9 21 .5:!: 8 .8 
13/1 :Nasal width from 
maxillo-frontal suture/ 
CBL II.I:!: 5.7 12.8:!: IA II.O:!: 5.4 11.2:!: 4.7 
22/1 :Length bulla/CBL 15.1 :!: 7 .5 19.0:!: 0.6 15.7:!: 7.0 16 .6:!: 6.2 
3511 :Length jugal/CBL 21.9:!: 10.9 25.6:!: 6.5 24.5:!: lOA 25 .0:!: 9.0 
25/24:Heighl/widlh loramen 
magnum 65.1 :!:28 .0 72.2:!: 18.6 63.5:!:31.8 67.8:!:29.0 
6/4:Zygomatic widthl 
mastoid width 91.0=38 .4 97.6=24 .8 89.4 =41.2 90.3:!:35.9 
16/4:5nout width/mastoid 
width 28.8:!: 12 .3 28 .8 :!: 7.5 29.8:!: 13.4 28 .7:!:1I . 1 
17/4 :lnterorbital width/ 
mastoid width 8.8= 5.2 10.7:!: 2.9 10 .0:!: 4 .7 9 .6.= 3 .6 
'All ratios are (A x lOO)/B. 
'CB L = Condylobasallength. 
In this analysis, a single discriminant function accounted for all 
of the discriminating power of the factor matrix for each sex. For 
males, the eigenvalue of that function was 0.22802; for females, it 
was 0 .13453. Three of the ratios contributed significantly to Ihat 
function for both sexes (jugal length! condylobasal length ; nasal 
length from maxi 1I0-frontal suture!condylobasallength; i nterorbilal 
width! mastoid width) ; two contribuled nothing (mastoid width! 
condylobasal length ; length upper tooth row/condylobasal length); 
each of the other ratios contributed in one sex but not in both. The 
means and standard deviations of all ratios are shown in Table 2. 
Discriminant Analysis-37 Characters: 
largha vs. vitulina 
With the full suite of 37 metrical and nonmetrical characters, the 
discriminant analysis correctly distinguished all of the harbor seals 
from the spotted seals . Within sexes, it also distinguished 98% of 
the three forms of harbor seals from each other (Table 3). The 
distinction of the three forms was less effective among sexes; 
significant overlap developed between richardsi and geronimensis, 
though not with stejnegeri (Fig. 4). Among the three harbor seal 
forms, richardsi was most similar to iargha. 
For males, two discriminant functions accounted for 90.8% of 
the relative power to discriminate among the four forms. Within the 
first function (70 .5% relative; eigenvalue 12.35458), the seven 
variables with the largest standardized coefficients were 10 (length 
lower tooth row), 27 (length vomerine septum). 16 (width of snout), 
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Figure 4.-Dislribution of samples of mate (dashed circles) and female (solid 
circles) seals of the /argha (LA), geronimensis (GE), richardsi (RI), and slejne-
geri (ST) forms on Ihe first Iwo canonical variales (CVI and CV2). Circles 
enclose 95% of the plotted values for each taxon. 
Table J.- Percent ()f seal skulls correctly and incorreclly identified to taxon by discriminant 
analyses, based on 37 cranial characters. 
Actual taxon 
largho richards; slejnegeri geronimellsis 
Predicted Male Female Male Female Male Female Male Female 
laxon (N= 14) (N= 12) (N=J8) (N=74) (N= 8 ) (N=12) (N=3) (N= I ) 
largha 100 100 0 0 0 0 0 0 
ridlOrusi 0 0 100 96 0 0 0 0 
slejllegeri 0 0 0 4 100 100 0 0 
gernnimensis 0 0 0 0 0 0 100 100 
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7 (height of cranium), 8 (length of mandible), 19 (width of palate), 
and 22 (length of bulla). In the second function (20.3% relative; 
eigenvalue 3.55208), the three variables with the largest coeffi-
cients were 16, 22, and 15 (width of nares). 
For females, also, the first two discriminant functions accounted 
for more than 90% of the relative discriminating power. Within the 
first function (71.4% relative; eigenvalue 6.45098), the seven most 
significant characters were 3 (length upper tooth row), 28 (jugo-
squamosal suture), 21 (width of bulla), 9 (height at coronoid), 22, 
36 (width bulla at auditory process), and 32 (pterygoid hamuli). In 
the second function (23.0% relative; eigenvalue 2.07899), the three 
most significant characters were I (condylobasallength), 2 (palatal 
length), and 16. 
Factor Analysis: vitulina Polytype 
In this test, from which largha was excluded, the 14 most sig-
nificant cranial characters were selc<cted for each sex in vitulina 
(Table 4). For the males, these were chosen from six of the first eight 
discriminant factors, which accounted for 79.5% of the sample 
variation. For the females, the 14 most significant variables were 
selected from 9 of the first 10 discriminant factors, which accounted 
for 77.4% of the sample variation. For both sexes, selection of 
characters was based on their having the largest coefficients in the 
varimax rotated factor matrix. Ten of the variables were the same for 
both sexes; four were specific to each sex. 
Table 4.-Principal diagnostic characters selected by factor analysis from the 
set of 37 metric and nonmetric characters of skulls of Pacific harbor seals. 
Percent of 
Sex Factor variation Principal diagr.ostic characters' 
Male 45.7 1,2,6,8,9,10,11,16,35 (condylobasal, palatal, 
mandibular, lower tooth row, and jugal length; 
zygomatic and snout width; height of mandible 
at coronoid and behind the molar) 
3 6.0 24 (width of foramen magnum) 
4 4.7 31 (angle of second upper premolar) 
6 4.9 37 (shape of anterior nares) 
7 3.6 29 (extent of premaxillary-nasal contact) 
8 3.1 32 (shape of pterygoid hamuli) 
Female 40.4 1,2,6.8,9.16 (condylobasal. palatal, and man-
dibular length; zygomatic and snout width; 
coronoid height) 
2 8.0 24 (width of foramen magnum) 
4.8 14 (width of nasals) 
4 4.4 25 (deptll of foramen magn um) 
5 4.1 31 (angle of second upper premolar) 
7 3.3 28 (shape of jugo-squamosal suture) 
8 3.1 32 (shape of pterygoid hamuli) 
9 2.9 22 (length of bulla at auditory process) 
10 2.8 37 (shape of anterior nares) 
'Refer to Figure,~ 1 and 2. 
Discriminant Analysis: vitulillD-
5 Geographical Groups 
Using the 14 variables ~e l ected by the factor analy sIs for each sex. 
we c.ompared li ve geographical groups of the vitulina samples by 
di. criminant analysis . The geographical boundaries between 
groups were drawn arbitrarily, mainly wilh tht: objecti ve of compar-
ing the variation among regional samples of rlchard.~i with thaI 
between richards! and the stejnegeri und gemnimemis samples . In 
effect, group I wa.~ ;'Ujl1t'glth as defined by AJlen (1902) , groups 2, 
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3. and 4 were regional samples of richardsi from Alaska to Wash-
ington, and group 5 included some richardsi from California and all 
(5) of the available geronimensis. The sexes were analyzed sepa-
rately; the results are combined in Table 5. The classification func-
tion coefficients for each group are given in Table. 6. 
The discrimination among the five groups was moderate to high. 
About two-thirds to four-fifths of the specimens were correctly 
placed in their respective geographic groups. The highest propor-
tions of correct placements were at each end of the series: 82% in 
group I, 75% in group 5. Of the specimens in group 5, only three 
(60%) of the geronimensis from southern California and Mexico 
were correctly placed, compared with nine (82%) of the richardsi 
from central and northern California. This difference, however, was 
not significant (X2 =0.097, P>O.25). 
The clinal nature of the morphological variation among geo-
graphical groups was shown clearly by this analysis, but a discon-
tinuity in the cline also was indicated. Whereas in most instances 
Table 5.-Percent of harbor seal skulls classified to the correct ge0-
graphical region by discriminant anaIysi<!, based on the 14 most diag-
nostic characters for each sex. Vertical lines connect regional groups 
with closest affinities. 
Actual region of origin' 
Predicted 100-150 170-190 200-2202 230-280 300-310 
region (N=38) (N = 28) (N = 50) (N=47) (N=16) 
100-150 18~ I I ~~ I 0 0 6 170-190 6 2 0 
200-220 4 I~I I ~~ I 6 230-280 3 7 I ~~ I 300-310 5 4 
, Refer to Figure 3. 
2 Includes one specimen from "southeastern Bering Sea," for which loca-
tion was not specified. 
Table 6.-Classificalion function coefficients (Fisher's linear discriminant func-
tions) resulting from discriminant analyses of skulls of male and female vilulilUJ, 
grouped by geographical areas. 
Geographical group' 
Sex Variable l 100-150 170-190 200-220" 230-280 300-310 
Males (N=16) (N=13) (N=II) (N=20) (N=9) 
I 0.616 0.608 0.556 0.574 0.596 
2 -0.242 -0.240 -0.171 -0.189 -0.235 
9 -0.293 -0.299 -0.282 -0.295 -0.250 
16 -0.288 -0.267 -0.314 -0.302 -0.323 
24 0.861 0.83S 0.844 0.785 0.774 
29 -0.152 -0.025 -0.207 -0.132 -0.090 
31 0.214 0.101 0.188 0.141 0.334 
3S 0.409 0.395 0.412 0.376 0.381 
Constant -700.551 -676.579 -628.634 -604.483 -637.337 
f emales (N=22J (N=15) (N=39) (N=27) (N=7) 
2 0.146 0 . 164 0.184 0.187 0.194 
14 0.479 0. 3~4 0.365 0.3% 0.405 
16 0 .240 0. IM9 o 135 0.126 0. 177 
22 1. 022 L 04:'i 0. 970 0. 936 0. 875 
H 0.7b5 () 74 1 0.69 1 0.675 0. 7 17 
25 0.593 0.546 0 .572 0.556 0.571 
28 0.932 1.0 14 1.074 0.960 1.014 
31 0. 802 0. o~9 0.664 0. 666 0 .815 
32 1.092 1.176 1.026 1.012 0 .997 
37 -8. ~23 -7.571 - 6.449 -6.576 -7 4~2 
Con ~ t <t nt - 60 1 158 -575 .!!62 - 52g.9 16 - 507.420 - 531.924 
' Refer t( . Fj gll 'c ~ 1 and 2. 
• Refer t(f Figure 3 . 
"Includes OllC specimen from ' southea..renl Berinf Sea ." for which locat ioM W;1, 
nOt ,, !,<,cifi cd fur th er. 
affinity between adjacent groups was indicated by about 10 to 20% 
of incorrect placements, this did not occur between groups 2 and 3. 
That is, the seals from Hokkaido to the eastern Aleutian Islands 
appeared to be a craniologically interrelated unit, divergent from the 
other interrelated unit in the Gulf of Alaska to Mexico. This ap-
peared to confirm Chapskii's (1967, 1969) predictions that the de-
I imitation of stejnegeri from richardsi would be found at or near the 
eastern end of the Aleutian Islands. 
Cluster Analysis: vitulina Polytype 
Using the 14 variables identified by the factor analysis for each 
sex, we submitted vitulina to a cluster analysis, which grouped the 
individual specimens by similarity. For each sex, the specimens 
tended to be clumped into two primary clusters (I and II), each of 
which was made up of two secondary clusters (A-B and C-D), as 
shown in Figures 5 and 6. The compositions of the clusters, in terms 
of specimens drawn from each of the geographical areas, were 
similar between sexes but not identical (Table 7). 
For the sexes combined, the larger (1) of the primary clusters 
included 58 (92%) of the specimens from eastern Asia and the 
Aleutian and PribilofIslands (areas 100-190), but they also included 
17 (71 %) of the specimens from the southern coast of the Alaska 
Peninsula to Kodiak Island (area 210) and 13 (93%) of those from 
California (area 3(0). Specimens from the rest of the western coast 
WITHIN-GROUP SIMILARITY INDEX 
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Figure 5.-Dendrogram of results of Q-mode cluster analysis of 66 male seals of 
the Phoca vi/ulina group in the North Pacific region. The individual specimens 
making up the primary clusters (I and II) and secondary clusters (A to D) are 
listed along the vertical axis by the numerical code for the area where they were 
collected (see Fig. 3). 
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of North America, between southern Alaska and Washington State, 
were poorly represented in primary cluster I, but they made up most 
of primary cluster II for both sexes. Included in cluster II were 38 
(79%) of the specimens from localities between Cook Inlet and the 
coast of Washington (areas 220-280) and both of the specimens 
from Mexico (area 310); Asian and Aleutian specimens were very 
poorly represented. The specimens from the Pribilof Islands and 
Bristol Bay (areas 170,200) had questionable affiliations. All of the 
females from the Pribilofs and the males from Bristol Bay were 
placed in primary cluster I with the Asian-Aleutian group, whereas 
the one Pribilof male and most of the Bristol Bay females we placed 
in primary cluster II with the North American group. 
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Figure 6.-Dendrogram of results of Q-mode cluster analysis of 104 female 
seats of the Phoca vilulina group in the North Pacific region. The individual 
specimens making up the primary clusters (I and II) and secondary clusters (A 
to D) are listed along the vertical axis by the numerical code for the area where 
they were collected (see Fig. 3). 
Table 7.-Numbers of specimens per sex/area making up Ibe 
Iwo primary cluslers of Pacific harbor seals, as indicated by tbe 
cluster analysis. 
Primary cluster I Primary cluster II 
Area' Male Female Male Female 
100 4 5 0 0 
110 2 4 0 0 
140 I 0 0 
150 7 [0 I I 
160 0 0 0 
170 0 4 0 
180 8 8 I 0 
190 2 0 
200 5 4 0 10 
210 3 14 6 
220 0 0 I 
230 2 0 9 
240 0 0 0 
260 0 0 J 2 
270 I I 4 
280 0 6 4 7 
300 5 0 
310 0 0 
'Refer to Figure 3. 
In the secondary clusters, the specimens from the coast of Asia 
(areas 100-140) were placed mainly in cluster B, whereas those from 
the Commander and Aleutian Islands (areas 150, 180, 190) were 
about equally distributed in A and B (Table 8). The majority from 
the Pribilof Islands (area 170), Bristol Bay (area 200), and the 
Alaska Peninsula-Kodiak area (210) were split about 60/40 between 
clusters A and D, respectively. The majority of specimens from 
Cook Inlet to Washington (areas 220-280) were placed in cluster D. 
A minority of the Alaskan specimens (220-260) was placed in 
cluster C, and of British Columbia-Washington specimens (270, 
280), in cluster A. Accordingly, most of the specimens from 
California and Mexico (areas 300, 310) were placed in clusters D 
and A. 
These results, like those from the discriminant analyses, further 
describe the clinal nature of craniological variation within the 
vitulina polytype. They indicate that the Commander-Aleutian seals 
are most uniform, and that the boundary between the stejnegeri and 
richardsi phenotypes definitely is not in Near Strait, as supposed by 
Allen (1902); neither does it appear to be in the vicinity of Kam-
chatka Strait. The representation of geographical samples in the 
Table 8.-Relation of the three fonns of Pacific barbor seats (as 
originally defined) to tbe composition of the secondary clusters, 
as indicated by the percent of specimens from the regional 
samples in eacb clusler. 
Phenotype' Area code 2 N 
slejnegeri 100,140 17 
150 19 
richardsi 180,190 21 
'170,200,210 49 
220·260 24 
270,280 24 
300 II 
geronimensis 300,310 5 
Percent in 
secondary clusters 
A B C D 
18 82 0 0 
47 42 0 10 
48 43 0 9 
57 6 6 ~ I 
8 0 29 63 
29 4 8 58 
82 18 0 0 
20 20 0 60 
'As defined by Allen (1902) and Doun (1942) . 
2Refer to Figure 3. 
' Includes one specimen from "southeastern Bering Sea," for 
which the exaetloealily was not specified . 
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clusters suggests that a steepening of the cline between the compara-
tively stable Aleutian-Asian series and the highly variable North 
American series takes place between the eastern Aleutian Islands 
and the Alaska Peninsula. A significant discontinuity in relation-
ships is shown in that area also by the pair-matrix of specimens in 
the clusters (Fig. 7). Specimens from Asia and the Commander and 
Aleutian Islands (ACA) were paired in the clusters very significantly 
more often with specimens from that same region than with those 
from farther east, on the Pribilof Islands and the North American 
continent (PNA) (ACA=39/57, PNA= 17/113; X%=46.48, df= I, 
P < O.OOI). 
AREA OF ORIGIN 
SAMPLE SIZE 
PERCENT OF SAMPLE 
Figure 7.-Pairing frequenCy matrix from duster analysis (botb sexes) orNortb 
Pacific Phoca .ilulina. Sbading indic:aks comparative percentages of speci-
mens from eacb geograpblc: sampk tbat were paired (as mosl similar) wilh 
specimens rrom their own or other Ioc:aIities. 
Discriminant Analysis of Semndary Clusters 
We performed a discriminant analysis on the four secondary 
clusters for each sex to identify the characters that contributed the 
most to their grouping. The most powerful variables in the first 
function for females were (in descending order of importance) 
numbers 16 (snout width), 22 (bulla length), 2 (palatal length), and 
8 (mandible length); for males, they were 16, 8, 9 (coronoid height), 
and 35 Uugallength) . 
The clusters tended to be ordered by size (Table 9). For both the 
males and the females, the largest skulls were those from the 
Asian-Commander-westem Aleutian seals (cluster B); the smallest 
(clusterC) were mostly from seals taken in Prince William Sound to 
southeastern Alaska . A comparable geographical trend in size was 
shown by Burns and Gol'tsev (1984) for body length. 
Table 9.-Means and standard deviations (mm) of the four principal diagnostic variables 
in the first discriminant function for each sex among the secondary clusters A to D, shown 
in Figures 5 and 6. 
Secondary clusters 
A B C D 
Principal (N = 29M ,40F) (N = 14M ,24F) (N=6M,6F) (N= 17M,34F) 
Sex character l mean±SD mean .::: SO mean::!:SD mean :!: SD 
Male 16 471.5:!:30.7 531.0:!:25.8 39O.3!: 14.S 427.8:,: 19.6 
S 1,5345:!:51.4 1.624.7:!:36.1 1.3735:,:29.1 1,447.6:!:44.7 
9 737.4:!:47.4 793.5:<::37.4 61S.30: 19.1 655.0±2X.I 
35 658.30:30.7 705.50:23.9 584.50:42.9 610.90:22.4 
Female 16 409.80: 17.4 446.50:22.4 356.20: 15.6 375.50: 17.9 
22 399.5:':20.6 415.3 :!:21.5 367.00: 9.7 381.2±13.0 
2 935.20:34.3 969.40:33.0 843.30:28.4 883.30:44.3 
8 1,392.20:39.8 1.463.0 ± 44.9 1,271.00:53.5 1.325.90:44.2 
'Refer to Figures and 2. 16=snout width, 8=length of mandible, 22=length of bulla. 
9=coronoid height, 2=palatallength. 
DISCUSSION 
The harbor or common seals of the North Pacific Ocean were 
divided by Scheffer (1958) into two taxa, Phoca vitulina richardsi of 
western North America and P. v. largha of eastern Asia, essentially 
following the conclusions of Doutt (1942). Those two taxa were 
believed to adhere to the coasts and be isolated to some degree from 
each other in the North Pacific and Bering Sea by the broad expanses 
of open water in Near and Bering Straits, respectively, where the 
poEtical boundaries lie between the Soviet Union and AJaska. The 
anatomical, physiological, and ecological differences between the 
two forms were not well understood at that time, and the fact that 
each taxon crossed one of those boundaries and "intruded" into the 
geographical range of the other was not yet appreciated. 
Understand ing of the differentiation and geographical distribu-
tion of Pacific harbor and spotted seals has been advanced greatly in 
rece nt years. We now know that I) the center of abundance of the 
spotted seal is in the Okhot 'k Sea, whereas that of the Pacific harbor 
sea l is in the Gulf of Alaska, 2) these two taxa are widely sympatric 
in tl e southern parts of both the Dcring and O khots k Seas, even 
more than was shown by Bigg (1981, fig. I), and 3) each form 
mai ntains its identity clearly in those areas of sympatry. Although 
both forms haul ou t fll the same ti me in several of the same loca-
tions , ~'v e n during their respective breeding seasons, they o rd inarily 
do not mix but tend to stay in discrete groups. That they do not 
interbreed freely is indicated by the scarcity of specimens identifi-
able as intergrades. Where the two forms coexist in the eastern 
Bering Sea, parasitological findings also indicate that they are 
socially and nutritionally divergent (Fay and Furman 1982; Oelya-
mureetal.1984). 
Our analyses of the 11 ratios of cranial measurements selected by 
Chapskii (1967) for discrimination of harbor from spotted seals 
showed that vitulina tends to be most divergent cranially from 
largha in areas where the two species coexist; it is least divergent 
where vitulina occurs alone. That is, cranial differentiation of 
Pacific harbor seals from the spotted seals appears to have been 
enhanced by sympatry. As Shaughnessy and Fay (1977) observed, 
the same enhancement has taken place in the color of the pelage and 
in the timing of reproduction and molt. 
Thus P. vitulina and P. largha are now recognizable as sibling 
species. Superficially, they are very similar and obviously closely 
related; nevertheless, upon closer inspection they are found to be 
mu rphologically, ecologically, socially, and reproductively distinct. 
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Because of their sibl ing status, their sl ight craniological differentia-
tion is ideally suited as the standard for comparison with that among 
the three North Pacific forms of vitulina (i.e., richardsi, stejnegeri, 
and geronimensis). 
Our goal from the outset of this study was to reach a firm, final 
decision about the taxonomic rank of those three forms. Doutt 
(1942), Scheffer (1958), Chapskii (1960, 1967, 1969), and Mohr 
(1965) were unable to weigh enough of the evidence needed to reach 
such a decision because none of them had access to all o f the world's 
collections. Shaughnessy and ::ay's (1977) approach was mainly 
through review of the literature, but they also had already sur veyed 
most of thc world's collections, as well as viewed the I iving seal ill 
many of the different habit ats around the North Pacific. Becau:;e of 
insu ffi cient information, however, they were obl iged to take the 
conserva tive view in concluding that geronimensis was j us t the 
southern __ nd of a no rth-south gradient of increasing frequency of 
dark pelage in P. v. richardsi. Likew ise , they cunservat ively con-
cluded that slejnegeri might qualify fo r subspecific statu~ under P 
vitulina, but it did not ap pe~ r to meet the requirements for full 
specific rank because of extensive primary intergradation with 
richardsi. Our conclusions here are similar. 
Our analyses indicated that the cranial different iation among the 
three forms of Pacific harbor seals was less than that between 
vitulina and largha, and that richardsi showed the poorest diffe ren-
tiation from largha. The specimens from California and exico, 
which included geronimensis, were discriminated well by the 37-
character analysis, but the samples were too small (3M, IF) to give 
reliable results. Slightly larger samples (9M, 7F) from that region 
were 75% correctly discriminated in the 14-character analysis of 
geographic groups, but only five of those specimens (2M, 3F) were 
from the range described by Allen (1902) for geronimensis in 
southern California and Mexico; the rest were from central and 
northern California, which is within the described range of 
richardsi. 
lnthe cluster analysis, the five specimens of geronimensis were 
paired with some from Hokkaido, Bristol Bay, Kodiak, Prince 
William Sound, and California. The specimens of richardsi from 
central and northern California were paired with a similarly broad 
geographical series. The relationships of both forms were so diverse 
and so similar that no discreteness was indicated. Hence, we feel 
that even with larger samples, geronimensis probably would not 
qualify as a subspecies; it appears to be simply the terminal 
ecomorph in a long, unbroken cline of richardsi in western North 
America. Certainly. geronimensis is much less divergent from 
richardsi than is slejnegeri. and the latter's differentiation appears 
to be of no more than subspecific rank. 
The skulls of slejnegeri (Commander Islands to Hokkaido) 
showed differentiation from richardsi nearly as great as that be-
tween richardsi and largha, mainly in size. Belkin (1964), McLaren 
(1966), and Naito and Nishiwaki (1972,1973) argued for recogni-
tion of the large, black seals of the Kuril Islands as a full species, 
Phoca insularis or P. kurilensis (=slejnegeri), primarily on the 
basis of marked differentiation from P. largha of the Okhotsk Sea. 
Not necessarily in disagreement but with a broader biogeographical 
overview, Mohr (1965), Chapskii (1969), Burns and Fay (footnote 
4), Kosygin et a!. (footnote 5), and Shaughnessy and Fay (1977) 
responded that the Kuril seal appeared to be conspecific with P. v. 
richardsi and possibly was just the western end of a cline of 
morphological variation that extends from the Gulf of Alaska to 
Hokkaido , 
The relationship of the Kuril seal to the Pacific harbor seal of 
western North America is no longer a point of contention , but the 
degree of that relationship is a question thdt has not yet been 
answered to the satisfaction of all parties concerned. In tllis study, 
every analysis that we conducted confirmed that the KUI'il seal 
(stejnegeri) is well enough differentiated from the harbor ~eals of 
western North America (richardsi) to qualify for subspecific rank, 
but in our opinion the requirements for a full species were not met. 
Although typically large, dark slejnegeri of the Kuril Islands may 
be quite different in appearance from the typically small, pair 
richardsi of Prince William Sound, e.g" they live In similar 
habitats. behave in similar ways, and both arc clearly identifiable as 
"harbor seals" from their anatomical conformity (in about equal 
degrees) with Phoca vitulina of the North Allantic Ocean. 
The typical stejnegeri and richardsi arc allopatric, but tlley are 
not isolated, In the 6,000 km between them is a long series of freely 
interbreeding popUlations, in which the diagnostic characters of 
those two phenotypes vary clinally in degree and/or frequency of 
occurrence, from the one extreme to the other. Our discriminant 
analyses appeared to define some sort of "discontinuities" in the 
cline between the two phenotypes, on the one hand in Near Strait (as 
assumed by Allen 1902) and on the other in the vicinity of Unimak 
Pass (as predicted by Chapskii 1967). The discontinuity in Near 
Strait certainly was not a natural break in the gradient; it was the 
product of our choice of a potential boundary between stejnegeri 
and richardsi, based on Allen's (1902) diagnosis and Shaughnessy 
and Fay's (1977) assessment of geographic barriers. The other 
discontinuity, in the vicinity of Unimak Pass , was partly attributable 
to our grouping of samples , but it was more strongly expressed than 
any other in the discriminant analyses. 
The best indicator of natural di scontinuities in the east-west cl i ne 
was the cluster analysis . because it was not biased by our geographi-
cal compartmentalization of the samples , For both sexes, the 
specimens sorted out into essentially four clusters, which bore some 
resemblance to the previous geographical groups, More than 90% of 
the Hokkaido-Kuril-Commander-Aleutian specimens were con-
tained in the first primary cluster; the second primary cluster held 
about two-thirds of those from the North American coast. Least 
distinctive were the specimens from the intervening region, the 
southeastern Bering Sea and Alaska Peninsula, which were almost 
evenly distributed between the two primary clusters, This inter-
mediacy suggested a point of demarcation between the eastern and 
western forms in the vicinity of the eastern Aleutians-Alaska Penin-
sula. A strong discontinuity in that region was indicated also by the 
makeup of the secondary clusters and was strongly confirmed 
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further by the matrix of paired specimens in the clw,ter>. Because 
the cl ine in ratio o f color phases also appears to be much steeper in 
the eastern Aleutians than elsewhere (Shaughnessy and Fay I qT;'. 
fig. 3) , we suggest that this is the most probable locatioll for a 
genetic "boundary " between P v. stejnegeri (Allen 1902) and P ". 
richardsi (Gray 1864) , if such a boundary exists, 
We are skeptical still about the existence of that boundary. be-
cause the present series of specimens is not uniformly representative 
of seal populations throughout the region. That is , we cannot rule 
out the possibility that the perceived discontinuity is simply the 
result of uneven sampling . In these analyses , the specimens from 
area 180 (western Aleutians) were mostly (16/17) from Amchitka 
and Adak Islands, some 800 to 1, 100 km west of Unalaska Island . 
where most (3/4) of the specimens for area 190 (eastern Aleutians) 
were taken. For areas 200 and 210, the samples were principally 
from Port Heiden (12/19) and Tugidak Island (24/24), respectively, 
which are about 700 to 800 km east of Unalaska, Thus, the largest 
samples were from localities 1,500 to 1,900 km apart, and the 
genetic discontinuity indicated by them may, in actuality .. be 
nonexistant. The whole range of morphologically intermediate 
forms could be present in that 1,500 to 1,900 km gap , In our opinion, 
study of many additional specimens from that region will be needed 
before a firm decision can be reached about the boundary between 
richardsi and stejnegeri , 
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APPENDIX I 
Sources and Acquisition Numbers of Harbor and Spotted 
Seal Specimens Used in These Analyses 
Harbor Seals 
Alaska Department of Fish and Game (ADF&G), Anchorage and 
Fairbanks, Alaska, USA _ (The transfer of specimens to the Geist 
Museum, University of Alaska, Fairbanks, is in progress.) 
Males: 66-20, S-OO, S-33, B-4, B-5, B-41, PWS-73-3, PWS-16-75, 
PWS-19-75, PWS-26-75, PWS-32-75, PWS-76-75, PWS-7S-75, 
PWS-S2-75, PWS-107-75, 12-6-65, AH-17-72, AH-IO-73, AH-
39-73, AH-52-73, AH-56-73, AH-9-74, AH-9a-74, JNO-2-72, 
JNO-12-72, JNO-13-72, JNO-IS-72, JNO-J9-72, HS-72-I, HS-72-
3, HS-72-6, HS-72-15, N-7-6S, CR-3-75, CR-23-75. 
Females: 66-12, 66-21, 66-22, 66-23, 66-25, 66-29, 66-30, 66-31, 
66-34,66-39, A-7, A-26, A-27, A-34, A-36, B-1, B-12, B-15, B-16, 
B-17, B-IS, B-27, B-28, B-29, B-30, B-32, B-35, B-37, B-39, 
PWS-73-13, PWS-73-15, PWS-14-75, PWS-85-75, AH-6-68, 
AH-21-72, AH-2-73, AH-1l-73, AH-23-73, AH-2S-73, AH-33-73, 
AH-35-73, AH-36-73, TU-I-7! , TU-2-71, HS-72-4, HS-72-5, 
JNO-I-6S, JNO-20-72, AMC-I·69 , N·IO·6S, CR-2·75, NAN-4-73, 
KSK-27-73, ADF&G-I, 019, 020 , 100, !Ol, 102, 103, 104, 105, 
106. 
All-Union Research Institute of Fisheries and Oceanography 
(VNIRO) , Moscow, USSR_ 
15 
INUKAI. T. 
1942. Hair seals from the northern waters of Japan . (In Jpn .J Shokubutsu 
Oyobi Dobutsu 10:927-932 , 1025·1030. (Engl. transl., Marine Mammal 
Div., Northwest Alaska Fish . Cent. , Seanle. Wash .) 
McLAREN , I. A. 
1966. Taxonomy of harbor seals of the western North Pacific and evolution of 
certain other hair seals . J . Mammal. 47 :466·473 . 
MOHR, E. 
1965 : lIber Phoca vitulina /argha Pallas , 1811 und weissgeborene 
Seehunde. Z . Saeugetierkd. 30:273·287. 
NAITO, Y.. and M. NISHIWAKI. 
1972. The growth of two species of the harbour seal in the adjacent waters of 
Hokkaido. Sci. Rep. Whales Res. Inst. Tokyo 24:127·144. 
1973. Kurile harbour seal (Phaca /curilensis). In Seals: Proceedings of a 
working meeting of seal specialists on threatened and depleted seals of the 
world, held underthe auspices of the Survival Service Commission oflUCN, 
p. 44·49. Int. Union Conserv. Narure Nat. Resour. Pub\., n.s .• Suppl. 
Pap. 39. 
1975. Ecology and morphology of Phoca vitulina lorgha and Phoca /curiknsis 
in the southern Sea of Okhotsk and northeast of Hokkaido. In K. Ronald and 
A. W. Mansfield (editors), Biology of the seal , p. 379·386. Rapp. P.-Y. 
Reun. Cons. Int. Explor. Mer 169. 
NIE, N. H., C. H. HULL, J. G. JENKINS. K. STEINBRENNER, and D. H. BENT. 
1975. Statistical package for the social sciences. 2d ed. McGraw·Hili Book 
Co .• N.Y., 675 p. 
PARKS, J. M. 
1970. Fortran IV program for Q·mode cluster analysis on distance function 
with printed dendrogram. Kansas Geol. Surv. ComputerContrib. 46, 32 p. 
SCHEFFER. Y. B. 
1958. Seals. sea lions, and walruses; a review of the Pinnipedia. Stanford 
Univ. Press, Stanford, Calif. , 179 p. 
SHAUGHNESSY, P. D., and F. H. FAY. 
1977. A review of the taxonomy and nomenclature of North Pacific harbour 
seals. J. Zool. (Lond.) 182:385-419. 
Females: 3484, 29112. 
Black Douglas Mammal Collection (BDM), National Marine 
Fisheries Service, National Marine Mammal Laboratory, Seattle, 
Wash., USA. 
Females: BDM·1272. 
California Academy of Science (CAS), San Francisco, USA. 
Males: 5,411,413. 
Females: 527, 530, 15934. 
Carnegie Museum (CMP), Pittsburgh, Pa., USA. 
Female: IS73S. 
Fisheries Research Board of Canada (FRBC), Arctic Biological 
Station, Ste. Anne de Bellevue, Quebec, Canada , 
Male: HSS. 
Geist Museum, University of Alaska (GMUA) , Fairbanks, USA . 
Males: 3409, 7265 , 7304. 
Females: 3702, 7264 . 
Los Angeles County Museum (LACM), California, USA . 
'Females: 9539. 
Museum of Comparative Zoology (MCZ) , Harvard University, 
Cambridge, Mass., USA. 
Male: 6157. 
Female: 11455. 
Museum of Vertebrate Zoology (MVZ), University of California, 
Berkeley, USA. 
Males: 101090, L 14778, 140849, REJ-439. 
Females: REJ-454, REJ-681. 
National Museum of Natural History (USNM), Smithsonian Institu-
tion, Washington, D.C., USA. 
Males: 81515, 140401, 140402, 140403, 146430, 146432, 147700, 
253045,273532, 274152, 274155, 275176. 
Females: 8L517, 81518, 146433, 146434, 147680,219868, 2L9873, 
219874, 245915, 250712, 250713, 253042, 253043, 253046, 
261781,274146,276362,276365. 
Ocean Research Institute (ORI), University of Tokyo, Japan. 
Males: 69-6,70-186, 70-208, 70-223, 70-228. 
Females: 69-NE3, 70-13, 70-20, 70-35, 70-155, 70-168, 70-187, 
70-222. 
Pacific Research Institute of Fisheries and Oceanography (TINRO), 
Magadan, USSR. 
MaLes: 57-L964, 80-1%4, 26-1975, 33-L975, 34-1975, 35-1975, 
39-1975,47-1975. 
Females: 225, 389, 1-1964, 27-1964, 43-1964, 83-1964, 86-1964, 
3-1975, 10-1975, 11-1975, 13-1975, 14-1975, 18-1975, 20-1975, 
24-1975,27-1975,28-1975,29-1975,40-1975, 45-1975, 46-L975. 
Males: 01, 22799. 
Vertebrate Museum, University of British ·Columbia (VMUBC), 
Vancouver, Canada. 
Males: 1470,7339. 
Females: 2159, 2167, 2168,9530, 9539,9540, 9541. 
Zoological Institute, Academy of Sciences (ZIAS), Leningrad, 
USSR. 
Males: 835, 2679, 26977. 
Zoological Museum, University of Moscow (ZMUM), USSR. 
Male: 45050. 
Spotted Seals 
ADF&G 
Males: D-55-65, N-I0-66, N-30-67, D-191-67, AH-63-73, AH-l-
74, AH-2-74. 
Females: N-12-66, N-17-66, N-51-67, G-9-69, N-26-72, AH-27-72, 
AH-28-72, NAN-3-73. 
CMP 
Male: DC-1586. 
FRBC. 
Female: PV-41O. 
GMUA. 
Male: 1529. 
Puget Sound Museum of Natural History, University of Puget Sound ORr. 
(UPSMNH), Tacoma, Wash., USA. 
Males: 15182, 16040, 16043, 16103, 16430. 
Females: 15211, 15274, 16039, 16041, 16044, 16054, 16096. 
Dr. Robert L. Rausch (RLR), University of Washington, Seattle, 
USA. 
Male: 39716. 
Females: 39715, R11332. 
Charles A. Repenning, United States Geological Survey, Menlo 
Park, Calif., USA, 
Male: 6842. 
Santa Barbara Museum of Natural History (SBMNH), California, 
USA. 
Females: 251, 258, 1895. 
University of Arizona (UAZ), Thcson, USA. 
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Males: 69-42, 69-49, 70-69, 70-107. 
Females: 70-50,70-56,70-58. 
TINRO. 
FemaLes: 7-1975, 41-1975. 
USNM. 
Males: 219885, 290655. 
Females: 219865, 290653. 
ZIAS. 
Males: 3487, 3491, 29117. 
ZMUM. 
Males: 10095,45024,69371. 
Females: 29925,45025. 
Comparative Biology of Harbor Seals, 
Phoca vitulina Linnaeus, 1758, 
of the Commander, Aleutian, and Pribilof Islands 
JOHN J. BURNS l and VITALI N. GOL'TSEV2 
ABSTRACT 
Harbor seals, Phoca vilulina, or the Aleutian Ridge and Prihilor Islands were studied through field 
observation and examination or animals (173 seals, 15 retuses) collected in rour areas: Tbe Commander, western 
Aleutian, eastern Aleutian, and Prihilor Islands. Spotted seals, Phoca largha, were not analyzed. in tbis study. 
Habitats .were similar in these rour areas and seals were present at all locations visited. Dirrerences in pelage 
coloration between seals or the Aleutian and Commander Islands were not significant, but there was a trend 
toward more dark colored seals in the western islands. Growth in relation to age or seals rrom the rour areas was 
similar, as was retal growth. Mating was round to occur in July to early August, implantation in November, 
birth in early June to mid-July, and weaning or pups by mid-August. Some remales (33%) first ovulated at age 3. 
First pregnancy also occurred in some 3-yr-olds; all remales had been or were pregnant by age 6. The incidence 
or pregnancy in sexually mature animals was 75%. Similarities among seals or the Aleutian Ridge include 
timing or e:vents in the reproductive cycle, size/age relationships including retal growth, rood habits, and habitat 
utilization. Harbor seals or the North Pacific region vary in size and coloration in an apparently clinal manner 
over their linearly continuous range rrom Mexico to Japan. 
PE310ME 
Hly .. eHHe 06blKHOBeHHblX TloneHeli Ha AneYTcKo-KoMsHl\opcKoll rpal\e OCTP0BaX npHllblnoBa 
npoBo,U,HJlOCb B nOJJeBblX ycnoBHAX H Ha oeHoae M8TepH8.na nonY'le1.JeHHOrO OT 173 TloJltHeil H 15 lM6pHOHOB, 
)J.ofiblThlX B 4 pailoHax: H8 KOMaHJl.0pcKHX OCTpoaax, B lanoAHoM H BOCTO'lHOii "JaCTSIX AneYTcKHx OCTPOBOB, H 
H. npHllblnoBcKHx OCTpoBaX. JIspra, Phoca largha He BKn/o ... naCb B )TO HCCneI\OBBHHe. Cpel\S OIlHTBHHS 
CXOJl,Ha BO Bcex 4 pailoH8x, H TiGneHH OTMt'laJlHCb II Kam,llOM H3 HMX. PalHHUW B oKpacKe MeX8 Me)l(Jl)' 
TIOJleHAMH A.neYTCKHX H KOM8H'[{OPCKHX OCTPOBOB Ht lH8\fHTenbH8. O,[{H8KO TlOneHH C TeMHoA oKpacKoii 
BCTpeqaJlHCb \f8w.e B lana,[{HbiX paiioHax, 'teM Ha BOCTO'tHWX OCTpoBax. POCT TloneHeii C BOlpaCTOM B Ka»C,[{OM 
Hl 4 psiioHoB IIbln CXOI\HblM KSK H YTp06HOe p8lBHTHe. CnSpHBaHHe npOHCXOI\HnO C HlOnR 1\0 H .... na sBryCTs, 
npHKpenneHHe 6n8cTou,HCTS OTMe\feHO B HORfipe, JleTOpo*~eHHe npOTeKaeT C Ha'fana HIOHR.nO CepeAltHw HlonA H 
UleHKH BblK.pMnHBaIOTCA rpYl\blO 1\0 cepel\HHbl aarycTa. C.MKH 33% ua"HH8IOT oBynHp08sTb 8 BOlpacn3 neT, 
HeKOTopwe TpeX-neTIlHe TlOneHH "Men" nepBylO 6epeMeHHOCTb. Bce C8MKH 6-neTHerO BOlpacTa H cTapwe fibUlH 
nonoBOlpenbl. '1Hcno lIepeMeHHblx y BlpocnblX lKHBOTHblX COCTaBnAno 75%. CXOI\CTBO Cpel\H TlOneHeli 
AneYTcKo-KoM8Hl\opcKoi! rpAJIbl npoRBnAeTCA B penpOI\YKL\HOHHOM L\HKne, 8 p.1MepHO-BOlpaCTHOM COCTaBe 
palBHTHH lMfipHOHOB, nHTaHHH H eCTeCTBeHHoii cpetle 06HTaHHR. OfibiKHOBeHHwe TIOJleHH ceBepHoA "IaCTH 
THxoro OKeUla B npetleJlax HenpepWBHoro pacnpoCTpaHeHHR OT MeKCHKH ))'0 SinoHHH HMelOT KJlHHaJlbHYIO 
H1MeH'tHBOCTb B palMepax Ttna H oKp8cKe. 
INTRODUCTION 
In an evaluation of the taxonomy and nomenclature of North 
Pacific harbor seals, Shaughnessy and Fay (1977) reviewed the three 
taxa recognized at that time: I) The ice-associated "spOiled" or 
"Iarga" seal, Phoca largha Pallas 1811, of the Bering, Chukchi, 
Okhotsk, Japan, and Yellow Seas; 2) the eastern Pacific harbor seal, 
P. vitulina richardsi (Gray 1864), distributed from northwestern 
Mexico to the Gulf of Alaska and westward through the Aleutian 
and Pribilof Islands; and 3) the western Pacific harbor seal or insular 
seal, P. v. stejnegeri (Allen 1902), of northern Japan (Hokkaido), 
eastern Kamchatka, and the Kuril and Commander Islands. 
Spotted seals are sympatric with harbor seals about eastern Hok-
kaido (Inukai 1942; Naito and Nishiwaki 1972; Naito 1974, 1976), 
I Alaska Department ofFish and Game, 1300 College Road, Fairbanks, AK 99701, 
USA. 
'Magadan Sranch, Pacific Research Institute of Fisheries and Oceanography 
(MoTINRO), Nagaevskaya 51, Magadan 685013, USSR. 
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the Kuril Islands, eastern Kamchatka, and the Commander Islands 
(Belkin 1964; Marakov 1967; Voronov 1974; Kosygin et a!. 1975a,3 
1975b;4 Heptner et a!. 1976). They are sympatric also in the south-
eastern Bering Sea from the estuary of the Kuskokwim River south 
to the Alaska Peninsula, the Pribilof Islands, and, to a limited 
extent, the eastern Aleutian Islands (Burns 1970; Burns and Fay 
1974;5 Shaughnessy and Fay 1977; Burns and Fay unpub!. data). 
There is evidence based on skull characteristics of some intergra-
dation between largha and stejnegeri in the Okhotsk Sea and 
between largha and richardsi in the southeastern Bering Sea (Burns 
3Kosygin. G. M., A. E. Kuzin, and E. I. Sobolevskii. 1975. Systematic position, 
morphology, and ecology of the Kuril seal. In Marine mammals. Materials 6th 
a11·union conf. 1:151·153. [AbstL] Naukova Dumka, Kiev. 
'Kosygin, G. M., A. E. Kuzin, and V. A. Petrova. 1975. The larga of the Kuril 
Islands. In Marine mammals. Materials 6th all·union conf. 1:149·151. [AbstL] 
Naukova Dumka, Kiev. 
'Sums, J. J., and F. H. Fay. 1974. New data on taxonomic relationships among 
North Pacific harbor seals, genus Phoca (sensu stricto). [Abstr.] Trans. First Int. 
Theriol. CongL 1:99. Nauka, Moscow. 
and Fay unpubl. data). Nevertheless, spotted seals are for the most 
part clearly differentiated morphologically, physiologically, and 
ecologically from those two forms (Chapskii 1960, 1967, 1969, 
1975;6 Mohr 1965; Burns 1970; Burns and Fay footnote 5, unpubl. 
data). Shaughnessy and Fay (1977) concluded that the larga 
phenotype should be regarded as a separate species, Phoca largha 
Pallas, 1811, as proposed by Chapskii (1967). For that reason, 
spotted seals have been excluded from the present analysis. 
The validity of subspecific distinction for the richardsi and 
stejnegeri phenotypes is in question. Their range is linearly con-
tinuous along the shores of all suitable land masses around the North 
Pacific Ocean, from northern Mexico to northern Japan. In the area 
of their presumed discontinuity, the Aleutian-Commander Ridge, 
harbor seals occur on all of the islands. The respective ranges of 
stejnegeri and richardsi in that area have not been clearly defined. 
Some authors have included the Aleutian and Pribilof Islands within 
the range of stejnegeri (Chapskii 1967; Belkin et al. 1969; Heptner 
et al. 1976); others have included those islands within the range of 
richardsi (Burns and Fay 1973; Shaughnessy and Fay 1977). As 
pointed out by Shaughnessy and Fay (1977), a real possibility exists 
that the two subspecies comprise a single, trans-Pacific cline as 
suggested also by Mohr (1965), Chapskii (1969), Bychkov (1971), 
Burns and Fay (footnote 5), and Kosygin et a1. (footnote 3). 
In this paper we compare the physical and biological characteris-
tics of harbor seals from the Commander and Aleutian Islands. Data 
from a few seals taken on the Pribilof Islands are compared as well. 
THE STUDY AREA 
The Commander and Aleutian Islands are physiographically 
similar, comprising the emergent portions of the Aleutian Ridge 
(Fig. I). According to Wahrhaftig (1965:33): "The Aleutian Islands 
are a chain of islands surmounting the crest of a submarine ridge 
1,400 miles long, 20-60 miles wide, and 12,000 feet high above the 
sea floor on either side. An arcuate line of 57 volcanoes of Quarter-
nary age, 27 reported active, rises 2,000-9,000 feet above sea level 
along the north side of the Aleutian Islands. Othertopography in the 
Aleutian Islands is of two types: (a) wave-cut platforms less than 
600 feet above sea level, bordered by low sea cliffs, and (b) in-
·Chapskii. K. K. 1975. Taxonomy of seals of the genus Phoca sensu ,·(riC/D. In 
Marine mammals. Materials 6th all-union conf. 2:159-162. [Abstr.] Naukova 
Dumka. Kiev. 
Figure 1.-Map or tile North PacUlc .. a showiDII the location or 
the study area. 
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tensely glaciated mountainous islands 600-3,000 feet above sea 
level, indented with fiords and bordered by cliffs as high as 2,000 
feet .... Broad level intertidal platforms border some islands; they 
were probably produced by frost weathering." 
The Commander Islands are the westernmost emergent parts of 
the Aleutian Ridge. They include two large islands, Bering and 
Copper. The Commander Islands are 156 km (97 mi) from Kam-
chatka and 290 km (180 mi) from Attu Island, the westernmost of 
the Aleutian Islands. 
The Pribilof Islands are volcanic extrusions from the continental 
shelf of the Bering Sea (Wahrhaftig 1965). They include two large 
islands, SI. Paul and St. George, two small islands, Otter and 
Walrus, and an islet, Sea Lion Rock. These islands are mainly of 
undissected topography, consisting of Cenozoic basalt flows and 
pyroclastic debris interbedded with some sediments. Cinder cones 
are present. 
In most aspects, the rocky shores and islets occupied by harbor 
seals in the Commander, Aleutian, and Pribilof Islands are similar. 
Cobble and pebble beaches are present in protected bays and fjords, 
and sandy beaches occur at the mouths of a few of the short, swift 
streams. Muddy shores are nearly absent in these islands. 
MATERIALS AND METHODS 
Most of the materials utilized in this study were obtained by the 
authors in the course of four expeditions: Cruises of the RV Alpha 
Helix in Aleutian and Pribilof waters during 1968 (Bums), 1972 
(Burns), and 1973 (Bums and Gol'tsev), and of the hunting vessel 
Sanzar in Commander Island waters in 1974 (Gol'tsev). Specimens 
were collected by shooting with a high-powered rifle. Some addi-
tional materials, mainly from the western Aleutian and Pribilof 
Islands. were made available by biologists of the Alaska Depart-
ment of Fish and Game and the University of Alaska. 
Seals collected by the authors were sexed, weighed, measured, 
photographed (skins wet), and necropsied. Measurements included 
standard length and axillary girth. Weights were of whole seals 
(with no correction for blood loss) and of the hide and attached 
blubber. For studies of growth, data from males and females were 
treated separately because of sexual dimorphism in size. Skulls 
were prepared for taxonomic studies reported elsewhere (Bums et 
a1. 1984). Lower canine teeth were extracted, decalcified, and 
sectioned longitudinally to determine age, based on the number of 
annuli in the cementum (Bigg 1969a). 
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Reproductive tracts were obtained from most females collected in 
Alaskan waters. These were preserved in 10% Formalin7 for later 
study, at which time the uterine horns were externally examined for 
signs of current or previous pregnancy, indicated by external size, 
form, and degree of rugosity. Uterine horns were opened and 
examined for placental scars, fetuses, or other indications of recent 
pregnancy, including condition of the uterine walls, presence of 
hemorrhagic tissue, and kind and amount of debris in the lumen. 
Ovaries were serially sectioned longitudinally with a scalpel, in 
sections 1-2 mm thick. Each section was examined macroscopically 
for vesicular follicles, corpora lutea, and corpora albicantia. On the 
basis of the findings, females were classified as nUlliparous, 
primaparous, or multiparous. 
Our sample included 173 seals and 15 fetuses. Fifty-one of the 
seals were from the Commander Islands, 74 were from the Rat and 
Andreanof Islands of the central and western Aleutians, 35 were 
from the Islands of Four Mountains and Fox Islands of the eastern 
Aleutians, and 13 were from the Pribilof Islands (Fig. I). For 
various reasons, we were unable to obtain all of the data desired 
from each seal; sample sizes for each data set are indicated where 
appropriate. 
RESULTS 
Habitat 
Harbor seals were present in the nearshore waters of all parts of 
the study area. Their abundance tended to be greatest in protected 
inlets, bays, and fjords of the larger islands and least along simple, 
exposed coasts and around the smaller islands. One exception was 
Otter Island in the Pribilofs, where harbor seals were abundant 
around its exposed coast. 
In the protected bays and fjords of the Aleutian Islands, seals 
usually were found in small groups on narrow boulder beaches or on 
nearshore rocky islets. In less protected areas they tended to haul out 
on the wider, more gently sloping beaches composed of small stones 
or gravel. The general size of groups on those beaches was much 
larger than that of groups on boulder beaches and islets. Where 
broad, gently sloping beaches occurred adjacent to rocky islets and 
boulder beaches, the seals hauled out mostly on the broad beaches. 
Sandy beaches also were utilized but are not common in the study 
area. 
Abundance and Composition 
Seals were least numerous around the Islands of Four Mountains, 
in the eastern Aleutians. During a census via small boat on 7 August 
1973, we saw only seven seals along 7.2 km (4.5 mi) of the north 
side of Yunaska and 57 seals along approximately 22.5 km (14 mi) 
of Chuginadak. Although these densities are high in comparison to 
those in many other parts of the range of harbor seals, they were the 
lowest encountered by us in the Aleutian Islands. There were no 
protected embayments on those two islands. 
Because the beaches utilized by seals in the study area usually 
were of black or dark volcanic rock, and because the seals also were 
mostly of dark coloration, assessment of their abundance required 
very close inspection. On several occasions when no seals or very 
few were seen from the ship anchored I to 2 km offshore, we found 
'Reference to leade names does not imply endorsement by the National Marine 
Fisheries Service, NOAA. 
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them actually to be numerous on closer inspection, when we walked 
the beaches or traveled very close to them in small boats. 
Nearly two-thirds of the animals older than pups that we collected 
were females (48:82). In instances where several adult seals were 
taken from a group on shore, the animals commonly were all of one 
sex. Males predominated (7: 1) in the seals taken in the water 
adjacent to large hauled out groups during July-August 1973. 
Pelage 
Shaughnessy and Fay (1977) summarized the data available on 
frequency of occurrence of light and dark color phases in harbor 
seals of the North Pacific region, including the four areas considered 
here. In their samples, dark phase seals occurred with a frequency of 
about 90% on the Commander Islands (N=I,500+), 80% on the 
western Aleutian Islands (N=37), 30% on the eastern Aleutian 
Islands (N=348), and 30% on the PribilofIslands (N=I,643). 
Most of our regional samples were smaller, being the number of 
animals actually collected. In these samples, the percentage fre-
quency of dark phase seals was: Commander Islands, 59% (N=51); 
western Aleutians, 70% (N=43); eastern Aleutians, 50% (N=IO); 
and Pribilof Islands, 40% (N=5). The proportion of dark seals on 
the Aleutian Islands was not significantly different from the propor-
tion on the Commander Islands (X 2 =0.58, P > 0.25). However, 
dark phase seals tended to occur more frequently in localities on the 
western part of the Aleutian Ridge than on the eastern part and the 
Pribilof Islands. This gradient continues to the west, with the 
highest proportion of dark phase seals on Hokkaido Island (Naito 
1973; Shaughnessy and Fay 1977). 
Age and Growth 
The length/age and weight/age relationships for harbor seals 
collected in this study are presented in Tables I and 2. The probabil-
ity of differences in size among the four samples was tested by the 
Kruskal-Wallis test (analysis of variance by ranks: Zar 1974), the 
results of which are shown in Table 3. In all cases, the null 
hypothesis was not rejected. This test was not applied to pups, 
because the times of sampling in each area were different, and 
growth in pups is rapid. 
Since no differences in size were demonstrated among areas, data 
from seals in all areas were pooled. These suggest that about 70% of 
growth is achieved by age 6 or 7 (Figs. 2, 3). Length/age correlation 
is a better indicator of growth than weight/age in these seals, since 
there are large seasonal variations in weight, associated with preg-
nancy, lactation, and molt. 
The average standard length of adult males 11 yr and older was 
176.25 cm. The largest male, 191.0 cm (age and weight unknown), 
was from Amchitka Island. The heaviest male, 140.5 kg, was 14 yr 
old and was collected at Atka Island. The average standard length of 
adult females II yr and older was 161.82 cm; the maximum was 
175.8 cm in a 25-yr-old female taken near Adak Island. This animal 
was lactating and had recently ovulated, as indicated by the pres-
ence of a developing corpus luteum; she weighed 122.4 kg. The 
heaviest female, 125.5 kg, was collected near Amchitka Island. She 
was 19 yr old and was carrying a near-term fetus weighing 13.6 kg. 
Comparison with sizes of adult seals from other areas around the 
North Pacific (Fig. 4) indicates that the Commander-Aleutian-
Pribilof seals are not unusual. 
Laws (1956) indicated that, in pinnipeds, the average length of 
females at puberty is about 86% of adult length. In our sample, 
females reached the 86% level at age 4. This corresponds well with 
Table I.-Standard length/age relationship for harbor seals, PhoaJ vilulina, from the Commander, western Aleutian, 
eastern Aleutian, and Pribilof Islands. 
Commander Is. W. Aleutian Is. E. Aleutian Is. Pribilof Is. 
SL(em) SL (em) SL (em) SL(em) 
Sex 
Age 
(yr) N Mean Range N Mean Range N Mean Range N Mean Range 
Male Pup 
I 
2 
4 
5 
6 
7 
4 106.7 100.0-112.0 
o 
2 124.5 121.0-128.0 
I 130.0 
o 
I 
o 
o 
o 
I 147.0 0 
2 170.0 167.0-173.0 I 
4 158.7 156.0-163.0 2 
o 3 
174.0 0 
160.0 2 
105.6 96.8-115.0 2 109.8 109.2-110.5 
112.0 125.0 
2 131.7 126.6-136.8 
3 145.9 140.3-154.9 
o 
o 
o 
o 
o 
o 
I 147.3 0 
158.0 0 0 
162.0 162.0 1 157.5 0 
171.7 166.0-180.3 2 162.6 153.7-171.5 I 
2 166.6 161.3-172.0 0 
167.6 166.3-169.0 160.7 0 
8 
9 
10 
11+ 176.0 168.0-184.0 7 180.4 166.0-191.0 166.8 159.1-171.4 0 
Female Pup 4 
I 2 
2 I 
5 
4 4 
5 4 
6 3 
7 4 
8 3 
9 0 
10 0 
11+ 2 
107.0 100.0-114.0 9 
118.5 117.0-120.0 3 
128.0 
126.8 119.0-131.0 3 
132.7 127.0-137.0 3 
146.2 140.0-155.0 5 
151.0 144.0-155.0 5 
144.7 142.0-147.0 I 
151.0 146.0-157.0 2 
165.0 158.0-172.0 16 
'From Scheffer (1977). 
103.1 87.6-119.0 4 
118.8 116.2-122.2 2 
127.6 I 
139.9 135.2-143.0 0 
143.3 138.0-146.0 2 
139.8 121.0-152.4 
149.3 132.0-162.5 
141.7 4 
158.4 154.9-161.9 0 
153.0 I 
150.4 0 
161.5 148.1-175.8 0 
112.3 104.5-119.0 I 
117.2 113.7-120.7 0 
127.0 I 
o 
145.7 135.2-156.2 0 
144.8 0 
146.0 I 
148.0 140.0-160.0 0 
I 
137.5 0 
o 
'I 
166.0 
123.1 
123.8 
148.5 
155.5 
160.5 
Table 2.-Weight/age relationship for harbor seals, Phoca vitulina, from the Commander, western Aleutian, eastern 
Aleutian, aod Pribilof Islands. 
Sex 
Male 
Age 
(yr) 
Pup 
I 
2 
3 
4 
5 
6 
7 
8 
N 
4 
o 
2 
o 
I 
2 
4 
o 
Commander Is. 
Weight (kg) 
Mean Range 
29.7 
51.5 
101.0 
93.5 
26.0-31.0 
48.0-55.0 
59.0 
72.0 
96.0-106.0 
78.0-120.0 
103.0 
N 
5 
2 
o 
o 
o 
o 
2 
2 
o 
W. Aleutian Is. 
Weight (kg) 
Mean Range N 
29.2 
43.3 
82.9 
105.4 
24.1-34.0 2 
38.6-48.0 
2 
3 
o 
I 
88.6 0 
77.3-88.6 I 
95.2-115.6 2 
2 
104.0 2 117.6 117.3-117.9 I 
E. Aleutian Is. 
Weight (kg) 
Mean Range 
30.1 
54.0 
59.3 
91.1 
105.5 
26.8-33.5 
44.4 
52.6-55.5 
55.5-66.2 
68.2 
87.3 
75.0-107.3 
100.0-111.1 
Pribilof Is. 
Weight (kg) 
N Mean Range 
o 
o 
o 
o 
o 
o 
o 
o 
I 
o 
88.4 
84.1 0 
9 
10 
11+ 113.0 92.0-125.0 5 125.4 107.7-140.5 3 100.5 87.0-123.6 0 
Female Pup 4 
I 2 
2 I 
5 
4 4 
5 4 
6 3 
7 4 
8 3 
9 0 
10 0 
11+ 2 
28.5 24.0-32.0 
38.5 33.0-40.0 
53.0 
45.6 33.0-54.0 
10 
2 
3 
50.0 41.0-60.0 I 
63.7 54.0-78.0 3 
73.3 72.0-76.0 4 
74.2 65.0-86.0 I 
75.3 64.0-84.0 2 
o 
I 
91.0 78.0-104.0 16 
'From Scheffer (1977). 
29.1 15.9-38.5 
36.2 34.5-38.0 
40.8 
54.7 47.6-62.7 
5 
2 
I 
o 
68.0 2 
65.8 47.6-81.6 
71.1 50.7-84.3 
63.4 4 
71.1 63.4-78.9 0 
I 
68.0 0 
94.4 56.2-125.5 0 
20 
31.4 24.1-39.9 
37.0 30.5-43.6 
45.3 
59.6 53.5-65.7 
76.4 
54.5 . 
70.0 60.0-86.8 
54.0 
I 
o 
I 
o 
o 
o 
I 
o 
I 
o 
o 
'I 
35.3 
38.5 
63.4 
79.3 
106.2 
Table 3.-Resulls of Kruskal-Wallis analysis of variance by ranks, as applied 
to length/age correlations per sex from the four sample areas: I = Commander 
Islands, 2 = western Aleutians, 3 = eastern Aleutians, and 4 = Pribilof Islands. 
The hypothesis tested is tbatthe groups compared are similar (null hypothesis). 
Age Critical 
class Calculated table value' Null 
Areas compared (yr) Sex H value (P = 0.01) hypothesIS 
I x 2 x 3 I F 0.18 9.21 accepted 
I >< 2 )( 3 4 F 4.0(l 6.44 accepted 
I x 2 " :> )( 4 6 F 0.36 11.34 accepted 
I x 2 x 4 11+ F 7.28 9.21 accepted 
2 x 3 x 4 8 M 0.81 9.21 accepted 
lx2x3x4 11+ M 2.43 11.34 accepted 
'Critical values are from tables of Critical Values of the Kruskal·Wallis H, or 
Critical Values of the Chi·Square Distribution, as appropriate, depending upon 
sample size (Zar 1974). 
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Figure 2.-Standard length per age of harbor seals, Phaco vilulina, from the 
Commander, Aleutian, and Pribilof Islands. Curve was filted visually. 
our findings from the reproductive organs, as described below. The 
standard length (SL) of pups taken in late July and early August was 
61 % (males) and 66o/c (females) of the mean adult length (11 yr and 
older). 
Axillary girths (sexes combined) were 66.9% SL in pups (range 
58.6-75.8%, N=21) and 64.3% SL in animals II yr and older (range 
56.1-78.9%, N=28). The seasonal ~amples arc small but show 
trends in variatIon similar to those of percentage weight of skin and 
blubber (Table 4). 
The percentage of total body weight made up by skin and blubber 
varied seasonally among age classes (Table 4). In July and August, 
pups (near and recent weanlings) had the highest mean percentage 
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Figure 3.-Body weight per age of harbor seals, Phoco vilulino. from the 
Commander, Aleutian, and Pribilof Islands. Curve was filled visually. 
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Figure 4.-MaxilTlum, minimum, and mean standard lengths of harbor seals, 
Phaco vilu/ina, frum the North Pacific region. Males were 8 yr and older, 
females 6 yr and older. Values were derived from the best approximations of 
growth curves, tables, or texts of the indicated sources. 
Table 4.-Percent of total body weight made up of skin and blubher, and axillary girth/standa,'d length x 100 (coeffi-
cient of condition) in harbor seals, Phaca vitulina, from Aleutian, Commander, and Pribilof Islands. 
Collection Age Skin and blubber as o/c body weight AGiSL x 100 (coefr. cond.) 
Area period group N Mean Range N Mean Range 
Aleutian Is. 22 July·11 Aug. pup II 47.1 36.3·55.8 6 71.2 67.5·75.8 
I yr 3 40.7 36.7-45.5 66.4 64.4·67.8 
~2 33 34.9 22.9·53.4 35 63.3 56.1·73.2 
Nov.·Apr. pup 3 33.0 25.9·37.3 7 64.3 58.6· 71.0 
I yr 37.4 2 66.9 63.6·70.3 
~2 II 41.1 32.8·59.1 28 63.7 56.6·69.9 
Commander [5. 15·30 Aug. pup 8 40.6 31.2·52.9 8 66.1 62.1·72.0 
I yr 35.1 30.3-40.0 2 65.0 64.2·65.8 
~2 41 32.8 24.0·38.2 41 64.2 55.5·74.1 
Pribilof Is. 12 Aug. ~2 4 30.9 27.7·35.5 4 63.4 61.2·65.6 
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of hide and blubber. Seals 2 yr old and older had the lowest ",.tlues; 
those I yr old were intermediate. This trend wa~ the same in the 
Aleutian, Commander, and Pribilof Islands. In November to April 
the ranking was reversed. 
Reproduction 
Reproductive tracts were obtained from 76 females taken in the 
Aleutian and PribilofIslands. Of these, 15 were from pups, 13 were 
from animals between ages I and 5 that had not yet ovulated, .md 48 
were from females between ages 3 and 25 that had ovulated at least 
once. 
In the second half of July, only 4 (29%) of 14 sexually mature 
females had ovulated, but by the first half of August, 10 (770/,) of 13 
had ovulated (Table 5). These findings indicate that the br~eding 
(mating) period of harbor seals in the Aleutian-Pribilof area extends 
from at least mid-July to mid-August, probably with a peak in early 
August. 
Table 5.-Condition of ovarian structures in 27 sexually mature female harbor 
seals, ages 4 and older, taken between U July and 12 August on the Aleutian 
and Pribilof Islands. 
Enlarged Corpus luteum 
foil icles Recent Corpus luteum completely 
only ovulation partly formed formed 
Time period N No. % No. '-;'c No. % No. % 
12-31 July 14 10 71.4 2 14.3 7.1 1 7.1 
1-12 August 13 3 23.1 23.1 23.1 4 30.7 
Three females taken in October had a large corpus luteum but no 
implanted fetus. Two taken on 6 November exhibited slight en-
largement of implantation sites, indicating that implantation had 
just taken place. In each of these, the embryo was < I mm long. One 
female taken on 8 December contained an 11.4 g fetus, 8.2 cm in 
crown-rump length. These data indicate that implantation takes 
place early in November, about 3 mo after mating. Lengths and 
weights of 16 fetuses and one newborn pup from the Aleutian and 
Pri bilof Islands are presented in Table 6. 
Time of birth was determined on the basis of the latest occurrence 
of near-term fetuses and the earliest occurrence of recently post-
partum females. The latter were identified from the condition of the 
uterus, in which one horn still was distended and in some cases 
filled with blood and debris from a very recent birth. Each of two 
females, taken on 2 June at Amchitka Island, supported a near-term 
fetus, 13.6 and 11.8 kg. One taken on 5 July appeared to have given 
birth very recently. Each of nine fe males taken between 24 and 31 
July showed signs of recent birth; at least four of these probably had 
given birth within the previous 2 wk. 
Thus, the birth period in the leu ti,tn area ~eems to extend at leasl 
from mid- or late June to mid-Jul y, with the majority of bi r!h ~ 
presumed to occur in hlte June to early JUly, M urie (1959) r ported 
newborn pups in the Aleu liam; in mid-J une . On the Com mander 
ls land$, births occur to the end of June (Marakov 1967). Johnson 
(1974)" found births taki ng place on the Pribi!of Islands in Ju ne and 
July with the greatest number in late June-early July. Scheffer (1977) 
indicated mid-May to mid-July as the birth period on the Pribilofs, 
but some of the pups reported by him could have been P. largha . 
' John,o n, B. W. 1974 . OUcr Is l,md ha rbor seals: a preliminary report. Unpubl. 
ma1tU cr., 20 p. Ala'''a D~r . Fi, h G~me , Fairban k> , AK 99701. 
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TaIJle 6,-Standard length und weight of fetal and newborn 
harbor seals, Phoca vilulina, from the Ateutian and Pribilof 
Islands, Alaska, 
Weight 
Date L()CJli'~n Sex (g) 
6 Nov Amchitka 
6 Nov. Amchitb 0' 
8 Dec. Amchitka M 11.4 
2~ Jan. Amchilka F 614.0 
4 Mar. Unalaska I' 2.526.5 
15 Mar. Adak F 3,292.0 
III Apr. Unalaska F 5,421.5 
13 Apr. Unalaska F 5,875.5 
11 Apr. Otter M 5,023.0 
13 Apr. Otter M 6,560.0 
13 Apr. Otter M 5,763.0 
4 May Tanaga 9,070.0 
6 May Tanaga 8,620.0 
2 June Amchitka F 13,620.0 
2 June Amchitka F 11,804.0 
10June Otter M' 11,100.0 
15 June SI. Paul P 13,800.0 
'SpeCimens provided by R. L. Rausch. 
'From Scheffer (1977). 
Standard 
length 
(cm) 
I 
8.2 
27.0 
48.3 
55.0 
65.1 
68.6 
66.9 
72.4 
68.3 
88.0 
76.0 
89.8 (newborn) 
91.5 
Of 16 sexually mature females collected during November to 
early June, 12 (75%) were supporting an apparently healthy fetus. 
Of the remainder, one taken in March showed no indications of 
recent pregnancy: another in March contained a partly resorbed 
fetus; and two taken in April had recently aborted. Of 12 adult seals 
taken in July, 9 (75%) had recently given birth; the others showed no 
indication of recent pregnancy. 
Age at first ovulation was from 3 to 5 yr (Table 7). All females 6 
yr old and older had ovulated at least once. The youngest seals in our 
Tabte 7.-Incidence of ovu-
lation in 21 harbor seals, 
ages 2 to 7 yr, taken on the 
Aleutian and Pribilof Is-
lands during July-August.' 
Age N Ovulated % 
2 0 
33 
4 60 
5 67 
6 100 
2 100 
IAn animal was considered 
to have ovulated. if a corpus 
luteul11. a corpus albicans. or 
a f"lIick larger Ihan 13 mOl 
was pr..:: . ..;,lt. 
sa mp le which were successful in pregnancy were 5 yr old. One of 
these contained a near-term fetus on to April; the other had gi ven 
bi rth not long hefor( it was collected (24 July). The latter also had 
been pregnant in the previou" year, judging from the presence of a 
placental scar in the opposite uterine horn and presence of a large 
corpus albicans in the adjacent ovary. 
Feeding Babils 
Remains of food were found in 16 of 51 seals taken on the 
Commander Islands between 15 and 30 August. Fourteen of these 
contained only beaks of octopus, one contained octopus and uniden-
tified fishes, and one contained squid beaks. Similar prey were 
reported for harbor seals about the Kuril Islands (Panina 1966). 
Since cephalopod beaks may accumulate from several feedings, 
their presence is not representative of the proportion of cephalopods 
in the diet (Pitcher 1980). Fishes, cephalopods, and shrimps were 
indicated by Marakov (1967) as the prinicpal foods of harbor seals 
near the Commander Islands. 
Food remains were found in 17 of 43 seals taken in the western 
Aleutian Islands between 25 July and 6 August. Four of these were 
nursing pups, the stomachs of which contained only milk. Most of 
the remaining 13 seals had fed on only one type of prey. Three 
stomachs from weaned pups and two from older animals contained 
mysids; four contained pandalid shrimps; three contained remains 
of octopus; and one contained a combination of crangonid shrimps 
and fishes (Pacific cod, Gadus macrocephalus, and unidentified 
sculpin). The prey of 18 harbor seals from Amchitka Island, as 
reported by Wilke (1957) and Kenyon (1965), included mainly 
octopus; Atka mackeral, Pleurogrammus monopterygius; and 
greenling, Hexagrammos sp. 
Our findings in the pups indicate that the time of weaning is in 
late July to early August, and suggest that the pups' first solid food 
in this area may be mysids. These organisms were very abundant in 
dense swarms within the kelp beds, where they probably are readily 
available to the pups. 
The stomachs of three seals from the eastern Aleutians contained 
food. These were collected at Unalaska Island, between 10 and 13 
April. Walleye pollock, Theragra chalcogramma, was the domi-
nant prey, comprising 98% of the total volume. Pacific cod com-
prised the remaining 2% (Lowry et aL 1979). 
Stomachs of eight seals from the Pribilof Islands contained food. 
These were obtained in mid-April. Data from these seals were 
pooled and treated as a single sample. The mean volume of stomach 
contents per seal was 166.2 ml. Fishes, principally walleye pollock 
and cods (Gadus spp.), comprised 63.5% of the total volume. 
Octopus made up 28.7% of the volume.9 
DISCUSSION AND CONCLUSIONS 
The differences among harbor seals from the Asian coast, the 
Aleutian-Commander Ridge, and the North American coast are not 
inconsistent with predictions for a relatively sedentary species 
exhibiting essentially linear distribution over an elongate, coastal 
range. Based on the values reported by other investigators (see Fig. 
4), growth of harbor seals from the Asian and North American 
coasts appears to be comparable with that of seals from the 
Commander-Aleutian area. The Asian and Commander-Aleutian 
seals tend to be larger and more often of dark pelage than those from 
most of North America. North American seals tend to be smallest 
and palest in the northern part of the Gulf of Alaska and in northern 
British Columbia (Fig. 4 and see Shaughnessy and Fay 1977). 
Perhaps the larger size of seals occupying the Aleutian-Commander 
and Kuril-Kamchatka Ridges may be a phenotypic expression of the 
richness of their environment, which includes some of the most 
productive marine habitats in the world. 
A study of the genetics of North Pacific harbor seals has 
suggested that the basic dark and light color phases are controlled by 
a si ngle pair of autosomal alleles, with I ight phase domi nant, and no 
correlation with sex or size within local populations (Kelly 1981). 
Investigation of cranial characteristics has indicated that differences 
9L. F. Lowry, Game Biologist II, Alaska Dep. Fish Game, Fairbanks, AK 99701, 
pcrs. commun. October 1979. 
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between groups in skull size parallel those of body length, and that 
proportional relationships of skull measurements among groups are 
similar (Burns et al. 1984). 
From Hokkaido to the eastern Aleutians, differences between 
regional groups in the timing of events in the breeding cycle are 
small and apparently clinal (Bigg 1969b, 1973). In eastern Hok-
kaido, implantation of the fetus takes place appreciably earlier than 
was found in our study. Naito and Nishiwaki (1972) reported fetuses 
3.9,8.4,8.5, and 9.5 cm long in females collected during October 
from the Nemuro Peninsula, whereas our findings suggest attain-
ment of such size no earlier than November. They indicated further 
that birth takes place in May and June, and that weaning is com-
pleted by late June-early July (Naito and Nishiwaki 1972, 1973), 
both about I mo earlier than in our study area. Time of birth on the 
Kuril Islands apparently is similar to that on Hokkaido (Belkin 
1964; Belkin et al. 1969; Velizhanin 1967). On islands in the Gulf of 
Alaska also, implantation and birth take place somewhat earlier 
than on the Aleutian Islands. Bishop (1967) and Pitcher and Calkins 
(1979)10 observed that implantation takes place in late August to 
early October and birth primarily in May and June, at least 2 wk 
earlier than in our study area. Shaughnessy and Fay (1977) sum-
marized the available information from other areas farther south on 
the North American coast and suggested, as did Bigg (1973), that 
the observed variation in birth dates may be correlated with local 
availability of certain prey during the period when pups are weaned. 
The Commander-Aleutian Ridge is of particular zoogeographic 
importance to marine mammals because it extends across the entire 
northern end of the North Pacific Ocean and supports continuous 
North Amcrican-Asian distributions of such species as the seden-
tary sea otter, Enhydra lutris, the more wide-ranging Steller sea 
lion, Eumetopias jubatus, and harbor seals. For the seals, the 
habitats utilized, size/age relationships, timing of events in the 
annual breeding cycle, and feeding habits appear to be essentially 
the same throughout this area as well as on the Pribilof Islands. Only 
pelage coloration appears to vary, but in an east-west elinal manner. 
Thus, to the extent that our investigations compared them, we found 
no significant biological or ecological differences among the seals of 
the Aleutian-Commander region. Instead, our results indicate a 
single, linearly distributed form of harbor seals in this region, as 
predicted by Mohr (1965), Chapskii (1969), Bychkov (1971), Burns 
and Fay (footnote 5), Kosygin et a!. (footnote 3), Shaughnessy and 
Fay (1977), and Burns et al. (1984). 
Harbor seals in the Aleutian and Pribilof Islands are unexploited 
and, for the most part, undisturbed. Their populations probably 
exist in balance with the natural carrying capacity of their environ-
ment. For this reason, we believe that the various biological charac-
teristics described in this study are those of stationary popUlations, 
in which birth and death rates have been equal for a long time. These 
are of considerable significance for comparative purposes. For 
example, the pregnancy rate (75%) for sexually mature females in 
our study area is markedly lower than that of a heavily exploited and 
declining population (95%) in eastern Canada (Boulva and 
McLaren 1979) and of an exploited population (97%) in British 
Columbia (Bigg 1969a). Pitcher and Calkins (footnote 10) found a 
pregnancy rate of 92% for adults in the Gulf of Alaska, where the 
population is presumed to be increasing following earlier intensive 
harvests. 
"Pitcher, K. W, and D. G. Calkins. 1979. Biology of the harbor seal, Phoca 
vi/u/ina richardsi, in the Gulf of Alaska. Final Report, R.U. 229, 72 p. Outer 
Continental Shelf Environmental Assessment Program, NOAA Environ. Res. Lab., 
Boulder, Colo. 
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Habitat Partitioning by Ice-Associated Pinnipeds: 
Distribution and Density of Seals and Walruses 
in the Bering Sea, April 1976 
HOWARD W. BRAHAM,! JOHN J. BURNS,2 GENNADII A. FEDOSEEV,3 and BRUCE D. KROGMAW 
ABSTRACT 
Aerial surveys were conducted over the Bering Sea pack ice in April 1976 to assess the distribution and 
density of five ice-associated pinnipeds. Results from those surveys support the hypothesis that walruses, 
ringed, ribbon, spoiled, and bearded seals partition the available ice habitat by distributing themselves 
differentially according to north-south and east-west gradients. Partitioning is believed to be the result of 
selection for specific ice types and, perhaps, availability of different prey. All species exhibited a clumped 
distribution. \\Blruses were most abundant near St. Lawrence Island and in outer Bristol Bay, as had been 
observed in previous surveys during April. Ringed seals were widely dispersed, and their presence in consider-
able numbers in the soutbeastern sector of the pack is reported for the first time. Ribbon seals were most 
abundant in the west-central ice front. Densities of spoiled seals were' highest in the ice front, east and west of the 
major concentration of ribbon seals as well as in outer Bristol Bay. Bearded seals were nearly Ubiquitous on the 
pack ice but with higher densities in the northern than in tbe southern sectors. The pack ice in April 1?76 
extended nearly to its soutbern maximum, hence the data collected during this study allowed a comparison of 
tbe spatial relationship among the ice-associated pinnipeds in a year of maximal dispersal. 
PE310ME 
B anpene 1976 r. fiblIlK npOBeJl.eHbl 8JpOBHlyaJlbHbie Ha6J11o~eHHH )a pacnpeJl:eneliHeM H nnOTHOCTbtO 
18neraHHR nSiTH BHJl.OB JlaCTOHOrHX H8 IlI.,l.l.8X IiepHHro8a MOpA. PeJynbTaTbl lTHX Ha6JlIo)J.e1lHH nOJl.KpenJlAIOT 
rHnoTelY Jl.H<fJ4JepeHu.Hpo8aHHoro pacnpeJl,eJ1eHHR MOp)f(a, aKH6bl, KPMJl8TKH, JlaprH, H n8XY8K8 
COOTBeTCTBeHHO c cesepa Ha lOr H C BOCTOK8 Ha Jana,A. 
npe)l.nOnaraeTcR. LITO TaleOe pacnpe,neJleHHe 06ycJloBJleHo 8w6opOM onpeJJ.eneHHoro THna nLJl.8, a T8KiKe 
JlOcTynHocTbtO npe)J.nO"lHTaTeJlbHOH "HmH. 
PaCnpeAeJleHHe Bcex SHAOR HMeJlO nRTHHcTblH xapaKTep. HaHfioJlbllJaSi "IHCneHHOCTb Mopmen OTMe"laJ10Cb 
6nHl OCTPOBll Ca. J1aapeHTHR H no nepH<jJepHH 18n. 6pHCTonb, KaK, H a npei\bli\y~e rOi\bl. KOnb'laTaR Hepna 
llJHPOKO pacnpocTpaHeHa H RnepBble B Hl06HJ1HH OTMelJaJlOCb B IOro~BOCTOIltHOn lltaCTH Jle.uOBoro nOKpoBB. 
HaH6oJu.wee KOJlHl.f:eCTBO KpblJlaTKH OTMellteHO B lana)J.Ho-ueHTpallbHOH lltaCTH JleJJ.OBoro "'pOHTa. CaMaR 
BblCOK8R nJlOTHOCTb naprH 6blJla B)J.OJlb Jle)J.oro 4lPOHTB K BOCTOKY H lanaJJ.Y OT OCHOBHblX COCpe.llOTOqeHHH 
KpMJ1aTKH, a T8KiKe B laJl. IiPHCTOllb. JlaXTIlK BCTpellt8JlCSI nOIltTH nOBceMeCTHO Ha naKOBOM JlbJlY H nJlOTHOCTb 
ero CKOnJleHHit 6b1Jla Dblwe Ha ceBepe, ... eM H8 .ore. 
nOCKOJlbKY J1e,U B anpeJle 1976 r. npOCTHpaJlCR Ha .or )1.0 M8KCHMaJ1bHbIX lHallteHHH, nOJly ... eHHble .uaHtibie no 
pacnpeJl.eneHHIO Jl8CTOHOrHX xapaKTepHbI JVlR rO}J.a C M8KCHM8JlbHOli ne.uOBHTOCTblO Mopa. 
INTRODUCTION 
In winter and early spring, much of the Bering Sea is covered 
with ice floes, which are used as haul out areas by several species of 
pinnipeds: The Pacific walrus, Odobenus rosmarus divergens; the 
ringed seal, Phoca hispida; the ribbon seal, Phoca fasciata; the 
spotted or larga seal, Phoca largha; and the bearded seal, Erig-
nathus barbatus, These pinnipeds use the ice as a substrate on which 
to give birth to their young, to molt, and to rest. To some extent also, 
the moving ice serves as a means for passive dispersal of these 
mammals into seasonal feeding areas, especially during its south-
ward advance in autumn and its northward retreat in spring (Burns 
1970; Fay 1974). Harbor seals, Phoca vitulina, and northern sea 
I National Marine Mammal Laboratory, National Marine Fisheries Service. 
NOAA, 7600 Sand Point Way NE., Seattle, WA 98115. USA. 
'Alaska Department of Fish and Game, 1300 College Road, Fairbanks, AK 99701, 
US.\. 
'Magadan Branch, Pacific Research Institute of Fisheries and Oceanography 
(MoTlNRO), Nagaevskaya 51, Magadan 685013, USSR. 
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lions, Eumelopias jubalus, also rest on floes in the southern edge of 
the pack during the spring, particularly when it extends far into the 
southwestern and southeastern Bering Sea, The centers of abun-
dance for those two pinnipeds, however, lie farther to the south, in 
ice-free areas such as the Aleutian and Commander Islands and the 
Alaska and Kamchatka Peninsulas. Their use of the pack ice, 
therefore, is irregular and opportunistic. 
Pack ice generally is present over most of the continental shelf of 
the Bering Sea from December to June (Shapiro and Burns 1975; 
McNutt 1981), In most years, the pack reaches its maximum in 
extent during late March, when its extreme southern limit coincides 
approximately with the 200 m isobath (Burns and Harbo 19774 ). In 
years of extreme icing, however, the maximum is attained in April 
'Burns, J. J., and S. J. Harbo, Jr. 1977. An aerial census of spotted seal, Phoca 
vilulina larghn, and walruses, Odobenus rosmarus in the ice front of Bering Sea. In 
Environmental assessment of the Alaskan continental shelf. Quarterly reports of 
principal investigators, April-June 1977, Vol. I, p, 58-132. NOAA Environ. Res. 
Lab., Boulder, Colo. 
and extends farther south. This was its condition in April 1976 
(Fig. 1). 
The spring distribution of pinnipeds in parts of the Bering Sea 
pack ice had been investigated previously, for example by Kenyon 
(19605, 19726 ), Krylov et al. (1964), Tikhomirov (1964), Fedoseev 
(1965), Shustov (1965, 1969), Kosygin (1966), Burns (1970), and 
Fay (1974), but no single study had investigated distribution 
throughout the pack ice, as we were able to do in April 1976. April is 
the optimal month for such an investigation, for the greatest propor-
tion of the species occurring there at that time is likely to be lying 
out on the ice, where they can be seen from the survey aircraft. 
Three separate aerial surveys were conducted over the Bering Sea 
pack ice in April 1976, with the common objective of describing the 
distribution and density of the several species of pinnipeds residing 
there. Surveys were conducted over 1) the eastern Bering Sea by the 
National Marine Fisheries Service (H. W. Braham), 2) the ice front 
in the southeastern and southcentral Bering Sea by the Alaska 
Department of Fish and Game (1. J. Burns), and 3) the western 
Bering Sea by the Pacific Institute of Fisheries and Oceanography 
(G. A. Fedoseev). Although these surveys were conducted inde-
pendently of each other, they were coordinated for purposes of 
obtaining maximal areal coverage and compatible data. Because the 
ice cover was more extensive than normal, we hypothesized that the 
distribution of the pinnipeds also would be near its maximum in 
extent. The aerial surveys conducted at that time offered an unusual 
opportunity to test that hypothesis. The purpose of this paper is to 
report on the combined results. 
NATURAL mSTORY OF THE 
SPECIES SURVEYED 
The distribution and movements of the ice- associated pinnipeds 
in the study area are closely linked with the actv:lnce and retreat of 
the pack ice (Burns 1970; Fay 1974). A major part of the Pacific 
walrus population migrates from the Bering Sea into the Chukchi 
Sea from April to June; they return to the Bering Sea. in October to 
December (Belopol'skii 1939; Nikulin 194] ; Fay 1982). In winter, 
the entire population is distributed throughout the Bering pack i e, 
but tends to concentrate in outer Bristol and Kuskokwim Bays and in 
the north-central Bering Sea near SI. Lawrence Isla.nd (Kenyon 
footnotes 5, 6). Because they feed mainJy on bivalve mollusks. 
walruses normally remain in waters <100 m deep , which coincides 
with the usual distribution of pack ice over the continental shelf. 
The young are born mainly in May, during the northward migration. 
Ringed seals occur throughout the pack in the Bering Sea, with 
highest densities in areas of shore-fast ice (Fedoseev 1965; Johnson 
et ~ . 1966; Burns 1970, 19737 ). This is the smallest of the ice-
associated pinnipeds and it general.ly is solitary, congregating only 
during the molt in May-June. The subadults which have wintered in 
the Bering Sea begin to migrate northward in April; the adults and 
pups migrate later (Burns 1970, unpubJ. data). During the winter, 
the highest concentrations of breeding adults occur 5-40 km 
offshore in the fast ice zone; juveniles and subadults tend to occur 
farther offshore (Tikhomirov 1966a; Burns 1970, footnote 7). The 
pups usually are born in the first week of April in snow lairs on fast 
'Kenyon, K. W. 1960. Aerial survey~ of marine mammals in the Bering Sea. 23 
February to 2 March 1960 and 25-28 April 1960 Unpubl. rep., 39 p. U.S. Bur. Sport 
Fish. Wildl., Seattle. WA 98115. 
"Kenyon, K. W. 1972. Aerial surveys of marine mammals in the Bering Sea, 6-16 
April 1972. Unpubl. rep., 79 p. U.S. Bur. Sport Fish. Wildl.. Seattle, WA 98115. 
'Burns. J. J. 1973. Marine mammal report. Project report. Fed. Aid Wildl. 
Restor .• Vol. XIII. 44 p. Alaska Dcp. Fish Game, Juneau, AK 99802. 
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ice, stable pack, or in pressure ridges (McLaren 1958; Burns 1970; 
Smith and Stirling 1975), hence the pups and anendant adults 
generally are not visible from the air during April. 
Ribbon seals are unique to the North Pacific, occurring mainJy in 
the Bering and Okhotsk Seas (Shustov 1965). Two "reproductive 
groups" in the Bering Sea were identified tentatively by Fedoseev 
and Shmakova (19768 ), one in the western and the other in the 
eastern zone. Nevertheless, Fedoseev's (1984) craniological com-
parison suggests that considerable intermixing of these groups takes 
place. In April, ribbon seals characteristically occur on floes in the 
ice front, where they give birth to their pups from western Bristol 
Bay to within 50 km of the Soviet coast (Shustov 1965; Tikhomirov 
1966a, b; Burns footnote 7; Fay 1974). Late spring concentrations 
have been reported in Anadyr Gulf and near St. Lawrence Island 
(Tikhomirov 1966a). 
The spotted or larga seal, an ice-associated relative of the coastal 
harbor seal, frequents the ice front during winter and spring, with 
the greatest numbers within 25 km of the irregular southern edge of 
the pack. This seal is the most abundant species of the ice front in 
southeastern Bering Sea (Tikhomirov 1964). Although present 
throughout the front, the adults tend to congregate in eastern, 
central, and western zones. During April, the adults occur as 
isolated pairs, each with a single pup (Tikhomirov and Kosygin 
1966; Burns et al. 1972); later, during the molt, they congregate in 
small herds and move northward to coastal and estuarine habitats in 
the northern Bering and Chukchi Seas. 
Bearded seals are widely distributed throughout the Bering Sea 
pack ice in winter and spring, occurring principally in waters <200 
m deep, wherever polynyas, leads, and thin ice persist (Burns 1970). 
In April, most bearded seals are solitary, except for females with 
pups; occasionally several seals may rest on the same floe. Highest 
densities in the pack ice have been reported near SI. Lawrence 
Island, southeast of SI. Matthew ISland , south of Nunivak Island . 
and in Anadyr Gulf (Kosygin 1966). Local abundance may be 
related to availabi Lity of food (Tikhomirov 1964) . The northward 
migration of bearded seals is underway in April (Burns 1967 9 ); they 
later move northward into the Chukch i Sea with the retreating ice. 
METHODS 
Eastern Bering Sea Pack Ice Survey 
The National Marine Fisheries Service (NMFS) survey covered 
the northeastern Bering Sea on 13, 15, 19-23 April and southeaste rn 
Bering and Bristol Bay on 6, 8 , 9, 12, 13, 15, 17-19 April 1976 (Fig. 
2). Strip census methods were applied, as described in Eberhardt 
(1978). Initially, the survey was stratified using randomly selected 
strips along lines of latitude 3 nmi (5.6 km) apart. Subsequently, 
strips were chosen systematically and the surveys flown to delineate 
further the areas of animal abundance (Krogman et al. 19781°). 
Stratification methods were used in the analysis to reduce the 
variance when estimating abundance. 
8Fedoseev, G. A .• and G. G. Shmakova. 1976. Some resuits of investigations of 
spatial structure of ribbon and larga seals of the Bering Sea. Unpubl. rep .• 9 p. 
Special Meeting Marine Mammal ProJect, US-USSR Environmental Protection 
Agreement, Moscow. 
'Burns, .f. J. 1967. The Pacific bearded seal. Alaska Oep. Fish Game, Juneau, 
66 p. 
IOKrogman, B. 0., H. W. Braham. R. M. Sonntag. and R. G. Punsly. 1978. Early 
spring distribution, density. and abundance of the Pacific walrus (Odobenus ros-
marus) in 1976. Final report, R.U. 14,47 p. Outer Continental Shelf Environmental 
A5sessment Program. NOAA Environ. Res. Lab., Boulder. Colo. 
The survey aircraft were the turbo-jet powered Grumman 
Goose!! (N780) and the long-range Lockheed Neptune P2Y 
(N48347). The P2Y was used only on 13 and 15 April. Airspeed 
generally was 120-140 1m at survey altitudes of 100-350 m; most 
surveys were flown at about 135 m. A crew of four people was used 
for most surveys; there were two observers, one recorder, and one 
alternate. Crew members changed jobs hourly to reduce observer 
fatigue. The alternate observer periodically surveyed from the rear 
of the aircraft to test for observer bias (e.g., for the number of 
animals missed by forward observers or to validate species iden-
tification). 
Information recorded included species, number of adults and 
pups, local time of sighting, position to I nmi 2 (obtained from an 
onboard Global Navigation System, model GNS500), perpendicu-
lar angular distance from aircraft to animal (taken with an optical 
clinometer, model Pm-5/360 PC, Suunto Instruments, Helsinki), 
animal activity, and environmental conditions, including weather, 
visibility, ice type, and ice cover. 
Sighting angles were recorded during surveys and were later 
converted to distance of the animal from the aircraft. When large 
concentrations of animals were encountered, their occurrence 
within different "sectors" of a strip transect were noted. Each of 
those sectors was 0.25 statute mile wide (0.4 km), as follows: A = 
0-0.25 mi; B = 0.25-0.5 mi; C = 0.5-0.75 mi; D = >0.75 mi. 
Since observers could not see directly below the aircraft, sector 
boundaries were offset to each side of the aircraft (approximately 
ISO) during flights made in the Grumman Goose. Sector boundaries 
for all flights were delineated by the clinometer. In this report, 
density estimates of pinnipeds other than walruses were based upon 
only those sightings made within the first 0.25 mi strip on each side 
of the aircraft; total strip width therefore equaled 0.5 mi (0.8 km). 
For walruses, strip width equaled I mi (1.61 km). 
Southern Bering Sea Ice Front Survey 
The Alaska Department of Fish and Game (ADF&G) surveys 
were restricted to the ice front (Fig. 3). Their primary purpose was 
to determine the distribution and relative abundance of spotted 
seals. Flights were conducted on 8, 9, II, 17, 19, 20, 21, and 23 
April 1976. The aircraft used was the ny which had a large 
Plexiglas observation compartment in the nose. A crew of three 
persons usually occupied this compartment during the surveys; two 
were primarily observers, but one also recorded. The third person 
acted as a back-up observer whose function was to determine the 
proportion of seals not seen by the primary observers, to verify 
inclusion or omission of animals at the limit of transects, and to 
replace primary observers when fatigued. On most flights, a pri-
mary observer counted on one side of the aircraft for 2 h, then 
counted on the other side for 2 h, then rested for up to I h. Forward, 
lateral, and downward visibilities from the observation compart-
ment were excellent. 
Survey procedures involved use of strip transects 0.5 nmi (0.93 
km) wide on each side of the aircraft, for a total strip width of I nmi 
(1.85 km). Angle indicators were mounted on each side of the 
observation compartment to I imit the outer boundaries of the strip. 
The survey aircraft was equipped with a GNS5oo. To the extent 
possible, survey altitude in the P2Y was maintained at 91 m. Lower 
altitudes were Aown when necessitated by weather. Flight speed 
averaged 160 kn. 
"Reference !o trade names does not imply endorsement by any agencies rep· 
resented by the authors. 
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Information recorded included species and number of animals 
sighted, group size, animal activities, ice types, weather, local 
time, and navigational information. Animal sightings were re-
corded continuously in I min time intervals. 
The P2Y flight strips on 8, 9, and II April were selected at 
random. Those surveys on 17 and 19 April were along preselected 
flight lines designed to achieve a replicate, stratified, random sam-
ple in the recognized area of highest seal density. Systematic sur-
veys, flown mainly in an east-west direction, covered the southern 
portion of the ice front on 20 April and the northern part on 21 April. 
Western Bering Sea Survey 
The Pacific Institute of Fisheries and Oceanography (TINRO) 
surveys involved extensive flights over the ice-covered regions of 
north-central and northwestern Bering Sea. Survey lines generally 
were oriented north-south and covered all ice types from the front to 
Bering Strait. Surveys were flown on 12-15, 17, 19, and 21-26 April 
1976. The aircraft employed was a Soviet UL-14 equipped with 
standard navigation instruments. 
Marine mammals were observed from the left side of the aircraft 
by a single observer (Fedoseev) viewing through a bubble-type 
window installed in the compartment aft of the flight deck. This 
bubble window provided both vertical and horizontal visibility. The 
observer also was the recorder. 
Flight altitude was 200 m, with occasional descents to 100 m. A 
strip transect equal in width to the altitude of the aircraft was used. 
The outer limit of the transect was maintained by sighting a 4SO 
angle from the observation window. All animals observed were 
recorded, but only those animals sighted within the strip were 
included in the analysis. 
Observation periods varied in duration, usually lasting I to 1.5 h, 
followed by a short rest period. Information recorded for each 5-min 
survey period included start and end time, start and end coordi-
nates, distance covered, transect width, area surveyed, and kind and 
number of animals sighted. Ice type was recorded by a hydrologist, 
also on board the aircraft. 
Accuracy of the Counts and Identifications 
Only the animals sighted on the ice were included in the analyses, 
since pinnipeds in the water are difficult to identify from aircraft. 
Because the ability of the observers to sight animals on the ice was 
recognized as being impaired by fog and snow, the segments of 
survey strips covered during such periods of poor visibility were 
routinely deleted from the analyses. 
Walruses are easier to see from low-flying aircraft than are any of 
the other pinnipeds surveyed, but because they tend to congregate 
on the ice in dense herds, they are more difficult to count. In these 
surveys, most of the small groups « 20) were bel ieved to have been 
counted accurately, but the numLers in the larger groups mostly 
were estimated in round numbers. 
The sightings of ringed seals probably were the least precise 
because these seals are the smallest and the most shy (i.e., most 
disturbed by aircraft) of any of the pinnipeds surveyed. Even under 
the best of conditions, the numbers sighted on the ice in April 
probably will be only a very small fraction of the numbers present, 
since many of the animals (particularly females and pups) at that 
time haul out in lairs under the snow, where they cannot be seen 
from the air. 
Ribbon seals usually react only sl ightly to the presence of air-
craft, frequently remaining on the ice, even when the plane passes 
directly overhead. They are easily identified by their characteristic 
method of locomotion, as well as by their distinctive coloration. 
During April, most of the ribbon seals sighted on the ice probably 
are adult females and pups; adult males tend to remain in the water at 
that time. The pups are more difficult to sight than are the adults 
because of their small size and white coloration. 
Spotted seals also are easily identified by their locomotion, col-
oration, and the fact that the adults in April generally occur as pairs 
on the ice, usually with a white-coated pup. These seals are more 
disturbed by the aircraft than are the ribbon seals, hence tend to 
move more rapidly and in a straight line to the water. Because of this 
motion, the pups usually can be seen, despite their small size and 
coloration. 
Bearded seals are readily seen and identified from the air, because 
oftheir large size. They usually are not frightened, often remaining 
on the ice even when the aircraft passes directly over them. Most of 
those sighted in April probably are subadults, which occur singly, 
and adult females with pups; adult males tend to be in the water at 
that time. 
Analytical Methods 
Data from the TINRO surveys were computer-plotted directly as 
numbers of animals sighted per 5-min time segment of each tran-
sect. Data from the NMFS and ADF&G surveys were plotted as 
numbers of animals sighted per I-min of time within each 10' x 10' 
(0.3 km x 0.3 km) block of latitude and longitude. Where more 
than one survey strip crossed a 10' x 10' (0.3 km x 0.3 km) block, 
the data were averaged to give equal weight to the survey effort in all 
blocks. 
The data were stratified by the method developed experimentally 
by Krogman et al. (footnote 10). Estimates of regional density and 
abundance were computed only from the NMFS surveys by 
"Method I" of Estes and Gilbert (1978): 
whereR 
Yi 
Xi 
density of animals per square nautical mile 
number of animals in the ilh survey strip 
area of the ith survey strip 
where Sk = variance of R 
n = number of survey strips 
where 1y 
A 
animal abundance in stratum 
total area of stratum 
(4) V(Ty) = A(A - Lxi)Sk 
where V(Ty) = variance ofTy. 
Average group size was calculated as: 
(5)(; = lYi / lOi 
whereG 
°i 
average group size in stratum 
number of observations (= groups in the ith survey 
strip) 
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where S2 = group size variance. 
Abundance estimates with 95% confidence intervals were gen-
erated for each region covered by the NMFS surveys. Confidence 
intervals were calculated as: 
(7) T ± t.05(2)V V V(T). 
The notation t.05(2)V refers to the critical value of t where alpha (a) 
= .05 (I-a = .95) based upon a two-tailed test with V degrees of 
freedom. Degrees of freedom were calculated as the total number of 
survey strips minus the number of strata. 
RESULTS 
In the northern Bering Sea, walruses were concentrated to the 
west and north of St. Lawrence Island, in a pattern suggesting 
movement through Anadyr Strait (between St. Lawrence Island and 
the Chukchi Peninsula), toward Bering Strait (Figs. 4, 5). The 
numbers north of St. Lawrence Island apparently were greater than 
had been reported previously in this month by Kenyon (footnotes 5, 
6). Kenyon's April surveys showed the highest concentrations in 
this region to be southwest of St. Lawrence Island and in Anadyr 
Strait. The overall density of animals in the St. Lawrence Island 
area in April 1976 was 2.77±0.77 (mean ± SO) individuals/nrni2 
(Table I, unstratified estimate). Data from the TINRO surveys in 
that area suggest that the abundance estimate from the NMFS 
surveys of 25,320±9,744 (mean ± 95% confidence interval) ani-
mals was conservative (Krogman et al. footnote 10). 
Walruses were conspicuously absent in the central Bering Sea 
from lat. 59° to 63°N, as well as in Norton Sound and north of lat. 
6SON. The ice in those areas was considerably more compact than it 
was to the north and west of St. Lawrence Island and in Bristol Bay. 
Walruses were found in the southeastern part of the Bering Sea, 
particularly from the Pribilof Islands to Bristol Bay. Highest den-
sities were found I) around the Pribilof Islands, 2) east of the 
Pribilofs, approximately 10-40 km north of the ice front, 3) south-
west of Cape Newenham, and 4) in outer Bristol Bay (Figs. 4, 6). 
Walruses were nearly absent from inner Bristol Bay, including 
Round Island, a traditional summer haulout site. Densities also were 
lower along the ice front than deeper in the pack, indicating that 
walruses prefer the heavier pack. 
Walruses were most dispersed in Bristol Bay (Table 2) than near 
St. Lawrence Island (Table Ir. The density estimate (unstratified) 
for Bristol Bay was 0.82±0.22 animals/nmi2• An abundance esti-
mate of 30,358±13,933 (95% CI) was derived from the NMFS 
survey area (Table 2), to which an additional 1,319 animals should 
be added for the areas covered exclusively by the ADF&G surveys 
(Krogman et al. footnote 10). 
Ringed Seals 
In the northern Bering Sea, ringed seals were found to be most 
closely associated with shorefast and dense pack ice, except just 
west of St. Lawrence Island (Figs. 7, 8). Along the Soviet coast, 
they were most abundant in the ice of the eastern Chukchi Peninsula 
and were numerous also in the southwestern Anadyr ice massif, 
where the pack ice is characteristically very dense, and in 
Table I.-Walrus statistics from NMFS aerial surveys conducted 13·23 April 1976 in northern Bering Sea. Data were treated by stratified and unstratified methods. 
Stratum I 
area 
(nmi') 
Percent 
of area 
sampled 
No. of walruses counted Average group Size 
Estimated 
total/stratum 
Den,it)' 
SlralUm 
4 
5 
6 
7 
~ 
9 
Iotal 
stratified 
Unstratified 
6.683 
394 
315 
3.945 
1.343 
133 
86 
44 
87 
13.030 
12.878 
5.00 
14.57 
19.28 
10.90 
544 
14.63 
8.69 
1740 
13.06 
7.80 
No. of 
lran~ects 
12 
6 
13 
3 
2 
2 
46 
17 
Iutal 
32 
12 
66 
698 
267 
254 
250 
451 
750 
2.780 
2.nO 
Individual> 
per nmil 
0.10 
0.21 
109 
1.62 
3.66 
13.09 
33.30 
59.39 
65.69 
2.77 
Variance 
>0.00 
0.01 
0.59 
0.20 
0.82 
195.59 
1.102.89 
3.522.23 
425.~6 
0.60 
Animals 
pcr group 
640 
3.00 
4. I 3 
8.13 
20.54 
18.14 
125.00 
56.37 
83.33 
17.94 
Variance 
2171 
I 83 
303 
3.12 
124.91 
88.27 
625.00 
1.765.64 
600.00 
12.05 
Groups!nmi 2 
No. groups 
U.03 
0.07 
0.26 
0.20 
0.18 
0.72 
0.27 
105 
0.79 
0.15 
Variance 
>0.00 
>0.00 
0.D3 
>0.00 
',0.00 
045 
0.D7 
III 
0.Q7 
>0.00 
No. of 
walruses 
641 
82 
342 
6.401 
4.908 
1.736 
2.876 
2.592 
5.742 
25,320 
35.622 
Variance 
(X 10") 
0.12 
>0.00 
0.05 
2.74 
1.40 
2.C)4 
7.51 
5.54 
2.83 
23.13 
91.96 
1 Areas were approximated by straight line inregration, thus minor discrepancies exist between sum of strata and lOla I unstratified region. 
Table 2.-Walrus statistics from NMFS aerial surveys conducted 6·15 April 1976 in southeastern Bering Sea. Data were treated by stratified and unstratified methods. 
Density 
stratum 
4 
5 
6 
7 
8 
9 
10 
II 
Total 
Slratined 
Unstratihed 
Stratum! 
area 
(nmi') 
1.472 
1.772 
8.037 
18.063 
3.895 
652 
272 
556 
370 
167 
110 
35.364 
35.230 
Percent 
of area 
sampled 
5.32 
5.62 
6.27 
8.82 
14.09 
9.67 
6.97 
5.02 
6.22 
8.71 
5.78 
840 
No. of 
transects 
7 
15 
37 
36 
4 
2 
2 
2 
2 
2 
112 
32 
No. of walruses counted 
Iotal 
o 
I 
13 
298 
712 
124 
81 
273 
302 
344 
290 
2.438 
2.438 
Individuals 
per nrni 2 
0.00 
0.01 
0.03 
0.19 
1.30 
1.97 
4.28 
9.~0 
13.12 
23.99 
45.72 
0.82 
Variance 
0.00 
>0.00 
>0.00 
>0.00 
0.06 
0.65 
13.20 
46.46 
37.72 
284.42 
1.791.73 
0.05 
Average group size 
Animals 
per group 
1.00 
1.86 
5.05 
3.61 
2.70 
4.05 
21.00 
20.13 
IC.42 
18 13 
5.99 
Variance 
0.31 
1.83 
0.21 
0.18 
1.38 
120.21 
73.20 
35.85 
27.59 
0.63 
Groups/nmi' 
No. groups 
0.00 
>0.00 
0.01 
0.04 
0.36 
0.73 
1.06 
0.47 
0.65 
2.30 
2.52 
0.14 
Variance 
0.00 
>0.00 
>0.00 
>0.00 
0.Q7 
2.15 
0.05 
0.05 
0.78 
5.45 
>0.00 
Estimated 
total/stratum 
No. of 
walruses 
o 
18 
207 
3.378 
5.054 
1,282 
1.163 
5.441 
4.854 
3.947 
5.014 
30.358 
29,014 
Variance 
(X 106 ) 
>0.00 
0.00 
lSI 
0.81 
0.25 
0.91 
13.64 
4.84 
7.03 
20.30 
49.32 
58.80 
1 AreC1s were approximated by straight line inlegration. thus minor discrepancies exisl between sum of strala dnd tala I unstratified region. 
Karaginskii Gulf (Fig. 8). Ringed seals were not numerous 
offshore, except 10 the west of St. Lawrence Island (Fig. 7), where 
many were seen in a rather narrow band associated with thin ice. 
The mea!l group size (:':: 95% CI) north of lat. 6QoN was 1.20:'::0.08 
(Table 3). 
In southeastern Bering Sea, ringed seals were present from north 
of the Pribilof Islands to outer Bristol Bay, mainly well north of the 
ice front (Figs. 7, 8,9). Densities were low and group size south of 
lat. 600 N was 1.04:'::0.02 (Table 3). Those seen 15 to 50 km offshore 
probably were immature or nonbreeding animals. These animals 
probably move southward with the advancing pack ice in late 
winter, away from the preferred breeding habitat in the nOrlh. 
Ribbon Seals 
Apparently, ribbon seals were absent north of lat. 61 oN. except in 
one location southwest of 51. Lawrence Island (Figs. 10, II) bUI 
were abundant from the Pribilof Islands west to Olyutorskii Bay 
(Fig 12). Most of these were situated from the ice edge to about 100 
km north. The distribution appears to have been continuous, with 
Table 3.-Comparative statistics for ribbon and ringed seals from NMFS aerial surveys conducted 6·23 April in northern and southeastern Bering Sea. 
Species and 
stralUm 
Ribbon seals. 
Stratum 
area 
(nmi') 
southeastern 35.441 
Ribbon seals. 
northern 
Ringed seals. 
southeastern 
Ringed seals. 
northern 
13.547 
35.441 
13.547 
Percent 
of area 
sampled 
4.21 
3.76 
4.21 
3.76 
No. of 
transects 
32 
18 
32 
18 
Total 
9 
o 
25 
30 
No. of seals counted 
Individuals 
per nmi 2 Variance 
0.006 >0.00 
0.000 0.00 
0.017 >0.00 
0.059 0.002 
29 
Average group size 
Seals 
per group Variance 
113 0.016 
1.04 0.002 
1.20 0.040 
Groups/omi' 
No. groups Variance 
0.005 >0.00 
0.016 >0.00 
0.049 0.01 
Estimated 
total/stratum 
No. of 
seals 
214 
o 
594 
799 
Variance 
5.236 
0.000 
66.549 
326.959 
no major clumping of breeding groups into eastern and western 
segments, as suggested by Fedoseev and Shmakova (footnote 8). 
Density estimates generated from the NMFS surveys were ex-
tremely low (Table 3). No estimates were generated for areas cov-
ered by the ADF&G and TINRO surveys. 
Spotted Seals 
Although virtually absent from the northern Bering Sea, spotted 
seals were widely distributed in the ice front from Bristol Bay to 
Karaginskii Gulf (Figs . 13, 14 , 15) . The highest densities were in I) 
outer Bristol Bay, 2) central Bering Sea from about long. 175°W to 
180°, and 3) Karaginski i Gulf. Density estimates (stratified) from 
the NMFS surveys in the Bristol Bay region ranged from about 0.05 
to 6.3 seals/nmi2 , with a mean (not stratified) ofO.37±0.06 (Table 
4). Densities clearly were greatest in the ice front, decreasing 
northward into the pack ice. Seals collected by Burns (unpubJ. data) 
in the Bristol Bay concentration in March 1976 were principally 
subadults, suggesting that there is some age-segregation at that 
time. The larger groups there also included a few harbor seals, 
which are abundant in the nearshore zone of that area. 
Bearded Seals 
These seals were nearly ubiquitous in the Bering Sea pack ice but 
apparently were concentrated in three or four areas: 1) To the west 
and north of St. Lawrence Island, 2) in southwestern Anadyr Gulf, 
3) about 40 to 60 km north of the ice front in the central Bering Sea , 
and 4) in the area between the PribilofIslands and Bristol Bay (Figs. 
16, 17, 18). A few were sighted also along the Koryak coast and in 
Karaginskii Gulf. Densities computed from the NMFS surveys were 
higher in the northern than in the southern areas (Tables 5 , 6). 
Overall Relative Abundance 
As is apparent from the foregoing descriptions of the distribution 
of each species, the pinnipeds of the Bering Sea pack ice were not 
uniformly distributed . Each species tended to be most abundant in a 
slightly to extremely different part of the pack ice than did the 
others, presumably because of different habitat requirements and, 
perhaps, interspecific competition for food or space. For walruses, 
ringed seals, and bearded seals, the centers of abundance were well 
Table 4.-Spotted seal statistics from NMFS aerial surveys cOl.ductcd 6-15 April 1976 in southeastern Bering Sea. Data were treated by stratified and unstratified 
methods. 
Density 
stratum 
I 
2 
4 
5 
6 
7 
9 
10 
II 
12 
13 
14 
Total 
stratified 
Unstratified 
Stratum' 
area 
(nmi') 
5,872 
8,475 
14,762 
382 
217 
581 
240 
214 
2,530 
733 
108 
476 
385 
666 
35,587 
35,441 
Percent 
of area 
sampled 
3.34 
4 .03 
402 
5.05 
17 .08 
3.41 
4.55 
8.60 
6.45 
3.74 
9.60 
2.97 
3.92 
6.06 
4.21 
No. of 
tran sects 
12 
22 
30 
3 
6 
2 
2 
4 
19 
2 
4 
3 
2 
8 
119 
32 
No. of spoiled seals counted 
Total 
9 
18 
41 
2 
7 
7 
4 
7 
84 
27 
12 
27 
54 
254 
553 
552 
Individuals 
per nmi2 
0.046 
0.053 
0.069 
0.121 
0.189 
0.354 
0.366 
0.380 
0.515 
0.985 
1.161 
1.909 
2.577 
6.290 
0.370 
Variance 
(X 10- 3) 
0.1 
>0.0 
>0.0 
1.0 
0.8 
4.8 
1.7 
2.7 
1.0 
1.0 
54.2 
106.9 
241.9 
~92.4 
3.3 
Average group size 
Seals Variance 
per group (X 10- 3) 
1.50 11.7 
1.20 1.1 
1.58 1.6 
1.00 0.0 
1.40 6.0 
1.75 22.9 
1.33 11.1 
1.40 6.0 
1.59 1.0 
1.23 0.8 
2.40 6.0 
2.08 5.7 
1.46 2.0 
4.62 74.6 
2.21 4.4 
Groups/nmi' 
No. groups 
0.Q3 
0.04 
0.04 
0.12 
0.14 
0.20 
0.28 
0.27 
0.33 
0.80 
0.48 
0.92 
2.45 
1.36 
0 . 17 
Variance 
(X 10- 3) 
> 0.0 
> 0.0 
> 00 
1.0 
0.4 
0.9 
0.3 
1.1 
0.3 
0.2 
7.3 
11.2 
113 .6 
15.9 
0.3 
Estimated 
total/stratum 
No. of 
seals 
269 
446 
1,020 
40 
41 
206 
88 
81 
1,302 
722 
125 
909 
1,377 
4,190 
10,876 
13,125 
Variance 
(X 10') 
0.02 
0.03 
0.08 
>0.00 
>0.00 
0.02 
>0.00 
> 0.00 
0.06 
> 0.00 
>0.00 
0.24 
0.34 
2.05 
2.84 
39.79 
'Areas were approximated by straight line integration, thus minor discrepancies exist between sum of strata and total unstratified region . 
Table S.-Bearded seal statistics from NMFS aerial surveys conducted U-23 April 1976 in northern Bering Sea. Data were treated by stratified and unstratified methods. 
Density 
'-'1raHlm 
Stratum' Percent No. of bearded seals counted Average group size Groups/nmi' 
Estimated 
tota I/stratum 
area of area No. of Individuals Variance Seals Variance Variance No . of Variance 
(nmi' ) sampled transects Total per nOli' ( X 10-3) per group ( X 10-3) No . groups ( X 10-") seals (x 10") 
.-.---.- .-'-----'---------c---'-------'----'----'-------'---"-----------'---'-
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Total 
stratified 
Unstratified 
3,580 
6.642 
2,738 
189 
43 
221 
86 
131 
129 
43 
13,802 
13,547 
5.66 18 7 0.035 >0.0 1.00 0 .0 0.04 > 0.0 124 1.6 
2. 13 9 II 0.078 0 .1 1.10 1.0 0.07 0.1 516 43.3 
3.96 8 14 0. 129 0 .3 1.17 1.3 0. 11 0.2 354 26.6 
2.40 2 2 0.440 407.8 1.00 0.0 0.44 407 .8 83 142.3 
8.70 2 2 0 .537 0 .0 1.00 0.0 054 0.0 23 0.0 
8.80 2 8 0 .822 6.6 2.00 100.0 0.41 1.7 182 3.1 
6 .53 3 5 0.893 3.1 1.67 11.1 0.54 0 .0 77 0.2 
5.81 3 7 0 .918 41.6 1.75 22.9 0.53 13.6 120 6.S 
4.34 2 6 1.067 >0.0 1.50 8.3 0.71 1.6 138 >0.0 
8.70 2 10 2.682 260.2 2.00 10.0 134 65 .0 115 4.4 
3.76 
51 
18 
72 
72 0.141 0.1 1.35 1.0 0.10 > 0.0 
1,732 
1.917 
228.3 
186.6 
'Areas were approximated by straight line integration, thus minor discrepancies exist between sum of strata and total uns tratified region. 
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Table 6.-Bearded seal statistics from NMFS aerial sUl'\'eys conducted 6-15 April 1976 in southeastern Bering Sea. Data were treated by stratified and unstratified 
methods. 
Estimated 
Stratum' Percent No. of bearded seals counted Average group size Groups/nmi' total/stratum 
Density area of area No. of Individuals Variance Seals 'hriance Variance No. of Variance 
stratum (nmi') sampled transects Total per nmi' (X 10- 3) per group (X 10-3) No. groups ( X 10- 3) seals (X 10") 
14.040 4.07 34 12 0.021 >0.0 1.20 1.8 0.02 > 0.0 295 29.4 
2 5.974 3.71 27 5 0.023 >0.0 1.00 0.0 0.02 > 0.0 135 2.7 
5.883 3.44 19 5 0.025 >0.0 1.00 0.0 0.Q3 > 0.0 145 5.6 
4 4 .586 4.15 18 9 0.047 >0.0 1.13 1.6 0.04 > 0.0 217 6.6 
5 382 11.45 II 4 0.091 0.2 1.00 0.0 0.09 0.2 35 0.3 
6 269 14.01 6 6 0.159 0.3 1.20 4.0 0.13 0 .2 43 0 .2 
7 165 5.90 2 2 0.205 4.0 2.00 0.10 34 1.0 
8 1.535 7.40 18 24 0.211 0 .3 1.09 0.8 0.19 0.3 324 7.4 
9 471 3.87 2 4 0.219 0.7 1.00 0.0 0.22 0.7 103 1.4 
10 218 6.34 2 4 0.289 7.4 1.33 11.1 0.22 2.7 63 3.3 
II 322 7.28 4 7 0.298 0.4 1.17 2.8 0 .26 0.3 96 0.4 
12 110 4.98 2 2 0.365 10.3 1.00 0.0 0.37 10.3 40 1.2 
13 641 8. 19 II 21 0.400 1.5 1.17 0.8 0.34 1.1 256 5.7 
14 495 4.35 2 9 0.418 2.2 1.00 0.0 0.42 2.2 2fJ7 5.1 
15 374 4.35 6 8 0 .491 1.1 1.14 2.0 0.43 1.4 184 1.5 
16 157 2.91 2 8 1.748 308.4 2.67 m .8 0.66 43.4 275 71.8 
Total 
stratified 35,622 166 130 2.452 145.9 
Unstratified 35,441 4.21 32 124 0.083 >0.0 1.16 0 .3 0.07 > 0 .0 2,948 367.6 
'Areas were approximated by straight line integration, thus minor discrepancies exist between sum of strata and total unstratified region . 
inside of the pack ice; those of the ribbon and spotted seals were in 
the ice front itself. 
Within the ice front, the spotted seals showed essentially three 
centers of abundance, in the southeastern, central, and southwest-
ern sectors, whereas the ribbon seals were centered primarily in the 
west-central front zone (Fig . 19). In the inner pack ice, walruses 
were centered in the southeastern and north-central sectors, as had 
been shown previously by Kenyon (footnotes 5, 6). 
The ringed seals were abundant in patches in the southwestern, 
northern, and southeastern sectors, mainly outside of the areas 
inhabited by the walruses . Bearded seals were most abundant in the 
southeastern, central, and northern sectors in and around the areas 
occupied by both the walruses and the ringed seals. 
Compartmenting the surveyed area into six sectors, in which the 
survey effort was approximately comparable, we find that the 
ringed and bearded seals and walruses all showed their greatest 
abundance within the same (north-central) sector, and that both the 
ribbon and the spotted seal were most abundant in the west-central 
sector (Table 7) . Although walruses and spotted seals were the two 
most frequently sighted species in the southeastern seclOr, each was 
more abundant in another part of the Bering Sea pack ice; similarly, 
Tabte 7.-Comparative abundance of pinnipeds sighted (no.lmin .) in retation 
to location in the Bering Sea pack ice, Aprit 1976.' 
Sector of pack ice' 
South- East- West- South- North- North-
Pinniped eastern central central western central western 
Walrus 1.2-76.0 1.2-8 .2 0.2 - 1.0 0 0.6-197.5 0.4-1.3 
Ringed seal 0 .2- 1.6 0 .2-0.8 0.2 0.2- 1.0 0.2- 4.4 0.2-0 .6 
Ribbon seal 0 .2- 0.6 0.2-0.9 0.2- 6.0 0.2- 1.2 3.0 0 
Spoiled seal 0.4-22 .0 0.4-7.0 0.4-24.5 0.5-11.9 0 0.4 
Bearded seal 0.2- 2.2 0 .2-0 .9 0.2- 3.0 0.5- 1.0 0.2- 5.0 0.2-3.0 
'Data from al l surveys , combined . 
'Southeastern = long. 160° to I 68°W, south of lat. 61°N; East-central = long. 
168° to I 74°W, south of lat. 61 °N; West-central = long. 174°W to 176°E, south 
of lat. 61 °N; Southwestern = long. 176° to 162°E; North-central = long. 168° to 
I 76°W, north of lat. 61 °N; Northwestern = long. 176°W to 178°E, north of lat. 
61 °N. 
31 
ribbon and ringed seals showed centers of abundance in the south-
western sector, but each was more abundant elsewhere. 
DISCUSSION 
The winter pack ice of the Bering Sea is by no means a uniform 
covering over the water, nor is the marine environment beneath it of 
uniform physical or biotic composition (Hood and Calder 1981). A 
wide variety of ice and aquatic habitats is available here, as is 
indicated by the unusual diversity of marine mammals inhabiting 
this region (Fay 1974). Because the margin of the ice was exception-
ally far south in April 1976, extending to the edge of the continental 
shelf in the eastern Bering Sea and well beyond it in the west, the 
variety of habitats available to these mammals was even greater than 
normal. The partitioning of those habitats among the five species of 
ice-associated pinnipeds, therefore, probably was about maximal at 
that time . 
The actual densities of pinnipeds in each sector of the ice cer-
tainly were greater than could be estimated from the counts along 
the survey strips, for only the animals that were lying on the ice were 
included in the computations . At all times, some proportion of the 
animals is in the water, swimming. feeding, or courting, where only 
a small proportion of them can be seen from the air. For this reason, 
each of the estimates of abundance certainly is very conservative, 
and the degree of conservatism differs greatly between species _ For 
example, the probability is very high that a much lower proportion 
of the ringed seals than of any other species was on the ice , and a 
much higher proportion of walruses and spotted seals. Therefore, 
comparison of estimated densities among the five species within 
any given region or overall is not a reliable indicator of their relative 
abundance . Nevertheless , the estimated densities of a given species 
in different areas probably can be relied on as approximations of 
that species' relative abundance in each area. 
Nearly all of the walruses which were sighted during the several 
aerial surveys described in this and earlier reports were situated in 
the north-central sector near SI. Lawrence Island, and in the south-
eastern sector, between Bristol Bay and the Pribilof Islands. During 
the winter, these are major areas of ice formation and divergence, 
where leads and polynyas are plentiful (Burns et al. 1980'2), and the 
benthic food supply presumably is adequate. Ringed and bearded 
seals, like the walruses, also were situated for the most part well 
north of the southern border of the pack ice, but they were more 
widely distributed, presumably because of their greater ability to 
make and maintain breathing holes in even the denser parts of the 
pack. The distribution of the bearded seals, in general, overlapped 
those of both the walruses and the ringed seals to a high degree but 
extended also into a broad sector of the western ice where neither of 
the other two species was sighted. Earlier, Braham et al. (1977 '3 ) 
had indicated that the mean group sire of bearded seals in the 
northern Bering Sea was significantly larger than in the southeastern 
sector, implying that more of the northern animals were pairs of 
adults . Reevaluation of those data, however, indicates no difference 
between sectors . 
Most of the ringed seals sighted during our surveys probably were 
immature or nonbreeding individuals, for the breeding adults in this 
month (April) mainly inhabit the shorefast ice and haul out only in 
lairs beneath the drifted snow (Fedoseev 1965; Burns 1970; Smith 
and Stirling 1975). The presence of these seals in considerable 
numbers in the southeastern sector of the Bering Sea pack ice is 
reported here for the first time. Previous information from that 
region by Kosygin (1966) from shipboard surveys in April 1962 and 
1963, indicated that they were absent there. Their regular presence 
was confirmed, however, by several shipboard sightings from the 
icebreaker CGC Glacier in April 1971 (1. J. Burns, unpubl. data) 
and by numerous shipboard sightings from the ZRS Zvyagino in 
February-March 1981, during joint Soviet-American investigations 
of marine mammals.14 
The predominant inhabitants of the outer 200 km of the pack, all 
across the Bering Sea, were the ribbon and spotted seals, whose 
preferred pupping habitat appears to be in the ufront" zone, just 
inside the southern edge of the pack ice (Burns et al. 1972, footnote 
12). The front is made up of more or less rectangular floes, about 10 
to 20 m in diameter, which are formed from larger fields of ice by the 
action of sea swells. Ribbon seals were found throughout the front, 
from Bristol Bay to Karaginskii Gulf, but were most abundant in the 
west-central sector, over deep waters south of the continental shelf. 
Spotted seals also were widely distributed in the front but tended to 
be concentrated only in those parts which were situated over waters 
about 200 m or less in depth, i.e., along the Koryak-Kamchatka 
coast, in the central sector, and in southern Bristol Bay. A high 
proportion of those in Bristol Bay appeared to be immature and 
nonbreeding animals, with which were mixed a few harbor seals. 
Pinnipeds were scarce to absent in the ice over most of the eastern 
Bering Sea shelf, north of lat. 60oN, as noted in previous surveys by 
Kenyon (footnotes 5, 6) . That region, which comprises most of the 
inner shelf oceanographic domain, appears to be shunned in part 
because of its dense, heavy ice cover (McNutt 1981); it may be little 
used also because of poor secondary production of zooplankLOn, 
ichthyoplankton, and benthos on which forage fishes and the pin-
nipeds themselves might feed (Alton 1974; Motoda and Minoda 
1974; Waldron 1981). 
"Burns, J. J .. L. H. Shapiro, and F. H. Fay. 1980. The relationships of marine 
mamma! distributions, densities, and activities to sea ice conditions. Final report, 
R . U. 248/249, 172 p. Outer Continental Shelf Environmental Assessment Program, 
NOAA Environ . Res. Lab . , Boulder, Colo. 
I3Braham, H. W., R. D. Everitt, B. D. Krogman, D. J. Rugh, and D. E. Withrow. 
1977. Marine mammals of the Bering Sea: Preliminary analysis of distribution and 
abundance, 1975·76. Processed rep., 90 p. Northwest and Alaska Fisheries Center, 
National Marine Fisheries Service, NOAA, Seattle, WA 98115. 
"E H. Fay, Associate Professor, Institute of Marine Science, University of 
Alaska, Fairbanks, AK 99701, pers. commun. April 1981. 
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Use of Nonmetrical Characters of Skulls of 
Bering Sea Seals in a Study of the 
Phenotypic Structure of Their Populations 
GENNADII A. FEDOSEEyl 
ABSTRACT 
Analysis of the phenotypic composition of Bering Sea ribbon , Phocafasciala, and spotted, Phoca largha, 
seals shows that these seals differ in degree of differentiation of their populations. The spotted or larga seal 
shows the greatest differentiation and can be considered as comprising three geographical populations: 
Karaginskii Gulf, Anadyr Gulf, and eastern Beriog Sea. Tbe difference between the Karaginskii and Anadyr 
groups has been demonstrated previously by tbeir comparative helminth faunas and cranial dimensions. The 
ribbon seal shows a higher degree of uniformity than does the spotted seal. Ribbon seals residing in the eastern 
and western Bering Sea are weakly differentiated, Indicating a low degree of isolation and high degree of 
panmixla . In the interest of maintaini~g slable slocks of these two s pecies, the harvest of each should be evenly 
distributed among all of its groups. 
PE310ME 
AHaJlH. ljIeHoTHnH'IeCKOrO COCTaaa KpblIUlTKH [Phoca fascialaJ H JlaprH [Po "',gha] J)epHHroaB MOpR 
nOKalaJl, 'ITO lTH TIOJleHH HMelOT palHYJO c:Ten.Hb AHIjI<jlepeHuH8UHH HX nonYJlRUHII . JIapra no Bcell 
aepoRTHoCTH 06pOlYeT TpH JlOKaJlbHble nonYJlRI\HH: KaparHHcKYJO, aH8AblpCKYIO H BOCTO'lHO-
6epHHroBoMopCKYJO· PnJlH'IHe MelKA} KaparHHcKoll M BHBAblPCKOIl "aproll 6b1Jlo nOK83aHO paHbwe npH 
cpaBHeHKH HX reJlbMHHToljlaYHbI H PalM.pHbI' npH3HBKOB 'Iepens. KPbl"BTKS HMeeT 60JlbWYJO CTeneHb 
CXOACTBa, 'IeM Jlapra. CJla6ao MopljlOJlOrH'IeCKaR AHIjI<jlepeHUHSII)IR KPblJlBTKH, 06HTsJOlUeil B BOCTO'lHOi! H 
'lana,[tHoit: ~aCTAX liepHHroBa MOPA, YK81bloaeT Ha IIH1KylO CTeneKb H10llA .... H" H BblCOKYIO CTeneH!. naHMHKCHH. B 
HHTepecax co~paHeHHH cTa6HnbHblx JanaCOB ')THX ..r.ByX B~OB, Heo6xo,AHMO paBlioMepHo paCnpe,JltllATb 
.Jl06M"ty Me)KJl.Y Ka>KJl.bIMH rpynnoBKaMH. 
INTRODUCTION 
Study of the population as a basic structural unit in the evolution 
of species occupies a central place in contemporary biology. 
Knowledge of the phenotypic structure of each populational unit has 
particular significance in the management of animal populations 
and their protection, since an understanding of their geographical 
boundaries, degree of intermixing, mutual relationships, and 
ecological roles determines to a great extent the approach to solution 
of fundamental management problems. 
The identification of separate populations requires detailed 
ecological and morphological description of the ani mals within the 
boundaries of each geographical region or of the entire species-area . 
In developing such a description, it is important to bear in mind that 
one population may not differ from a neighboring one in specific 
morpho-physiological features that are common to all individuals in 
it. Instead , they may tend to differ in gene frequency, i.e . , in the 
quantitative expression of various alleles as phenotypes (Yablokov 
and Yusufov 1976). Genetic analysis of seal populations, as in many 
other animals , is very difficult. However, a phenotypic approach to 
the spatial distribution of populations is possible , using discrete 
elemental features or phenes (Timofeev-Resovskii et al. 1973). The 
nonmetrical characteristics of the skulls are such features (Berry 
1963 , 1968) . 
'Magadan Branch, Pac ific Research Institute of Fisheries and Oceanography 
(MoTINRO). Nagaevskaya 51, Magadan 68501 3, USSR . 
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Definite morphological and ecological differences between seals 
of the Okhotsk and Bering Seas have been demonstrated previously 
by Fedoseev (1967),2 Shustov (1970) , and Kosygin and Potelov 
(1971) . Recently, a more detailed study of polymorphism in seals of 
the Okhotsk Sea was conducted by Fedoseev et a l. (1979) . In the 
Bering Sea, morphological differentiation has been demonstrated 
between the larga or spotted seal, Phoca largha , populations of the 
Karaginskii and Anadyr Gulfs (Gol'tsev et aJ. 19753 ). 
The present work is a continuation of the studies cited above. In 
it, I have analyzed the non metrical characters of skulls of spotted 
seals and of ribbon seals, Phoca!asciata , from the eastern Bering 
Sea, east of long . 174°W, and from the central Bering Sea , west of 
long. 176°W, and in Anadyr Gulf. This was made possible by 
Soviet-American collaboration in the study o f pinnipeds, in which 
the craniological collections of American and Soviet colleagues 
were utilized. 
METHODS 
Skulls of 196 ribbon seals were examined and scored for eight 
non metrical morphological characters (Figs . I, 2): I) The locat ions 
2Fcdoseev. G . A . 1%7. Compara tive mo rpho·eco logical characle ristics o f rin ged 
seals of the Okhotsk Sea and lhe coastal wa lers o f Ihe Chukchi Peninsula. Avtoreferal 
Disserlats ii. Magadan . 
3Gol ' lsev, V. N., V. N. Popov, and M . v. Yurakhno. 1975 . O n the locali w tion of 
slocks of Bering Sea la rgas. in Marine mammals. Materials 61h all · .,nion conf. 
1:1()()·I02. [Abs".1 Naukova Dumka , Kiev. 
f 
m ----f,----\ 
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b 
Figure l.-Nonmetrical characters of seal skulls: a) Position of palatine foramina, h) pterygoid vacuities, c) central 
vacuity in basioccipital, d) vacuities in condyloid fossae of exoccipitals, e) edge of hard palate, f) ventral border of 
foramen magnum, g) lateral processes of nasals, i) mid-ventral ridge on intermaxillary suture, j) basioccipital-
basisphenoidal suture, k) interparietal suture,l) nuchal crest, m) marginal ridges on temporal fossae, and n) margins of 
temporal fossae on the frontals. 
v 
'\I 
2 V c. ~ 
t~ ~ ~ ~ ~ 2 
a b d e 
Figure 2.-Variations in form of nonmetrical characters of seal skulls: a) Ventral edge of foramen magnum in ribbon 
seals, b) posterior edge of hard palate In ribbon seals, c) edges of temporal fossae in spotted seals, d) opening of 
mandibular foramen, and e) edge of hard palate In spotted seals. 
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of the palatine foramina relative to the maxillo-palatine suture, 2) 
the absence or presence and size of the vacuity at the junction of the 
pterygoid bones with the basisphenoid-presphenoidal suture (i.e., 
in the area of the pterygoid canal), 3) the absence or presence and 
size of the mid-ventral vacuity in the pharyngeal tubercle of the 
basioccipital bone, 4) the absence or presence of the ventro-lateral 
vacuities in the condyloid fossae of the exoccipital bones, 5) the 
shape of the posterior edge of the hard palate, 6) the shape of the 
ventro-anterior edge of the foramen magnum, 7) the relative length 
of the lateral and medial anterior processes of the nasal bones, and 
8) the form of the opening of the mandibular foramen. • 
Skulls of 123 spotted seals were scored on the basis of 12 charac-
ters (Figs. 1,2): I) Location of the palatine foramina relative to an 
imaginary line between the posterior eclges of the roots of the fifth 
post-canine teeth, 2) the absence, presence, and degree of develop-
ment of the vacuities in the vicinity of the pterygoid canals, 3) 
absence or presence of the vacuity in the pharyngeal tubercle of the 
basioccipital bone, 4) absence or presence of the vacuities in the 
condyloid fossae of the exoccipitals, 5) the shape of the posterior 
edge of the hard palate, 6) the shape of the opening of the mandibu-
lar foramen, 7) the absence and extent when present of the ridge 
along the mid-ventral suture between the maxillary bones, 8) the 
condition of the basioccipital-basisphenoidal suture, 9) condition of 
the interparietal suture, 10) degree of expression of the nuchal crest, 
II) degree of expression of the ridges along the medial margins of 
the temporal fossae, and 12) the convergence or divergence of those 
margins anteriad, on the frontals. This scheme was modified from a 
preliminary one kindly provided by A. V. Valetskii and A. V. 
Yablokov. Some modification of their scheme was required, inas-
much as some of their suggested characters were found to vary with 
the age of these seals. 
The sample proportions (P) of individuals having the character in 
question (number having character/total number in sample) were 
compared 1) between sexes within regional samples and 2) within 
sexes between regional samples. Assuming binomial distribution, 
the probability of significant differences between the compared 
samples was determined by estimation of the I-variate, using the 
formula (Rokitskii 1961): 
where PI 
P2 
Sp, = 
SP2 = 
t = 
the proportion in sample I 
the proportion in sample 2 
the estimated standard error of PI 
the estimated standard error of P 2 
applying Yates' correction for small samples to P 1 and P 2. The 
standard error of each sample was estimated as .J P(l-P) . 
N 
RESULTS 
The comparison of ribbon seals from the central Bering Sea and 
Anadyr region with those from the eastern Bering Sea on the basis of 
nonmetrical characters of the skull revealed the following (Table I). 
In the central and Anadyr ribbon seals, significant differences 
were found between males and females in two characters: I) The 
ventrolateral vacuities in the exoccipital bones were absent more 
often in females than in males (this tendency was reversed in the 
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eastern sample), and 2) the ventral edge of the foramen magnum 
was more often V-shaped in females than in males (as it tended to be 
also in the eastern sample). 
In the eastern ribbon seals, significant sexual dimorphism was 
evident in only one character: The central vacuity in the basioccipi-
tal bone was more often absent in females than in males (not so in 
the central sample); when it was present, it tended to be larger in 
females than in the males (similar tendency in the central sample). 
Several other dimorphic trends, suggested mutually by the data 
from both samples, could have been due to chance. 
Significant differences among female ribbon seals between the 
two regions were identified in three non metrical characters: I) The 
pterygoid vacuities were absent more often in the central than in the 
eastern sample, 2) the central vacuity in the basioccipital bone was 
absent more often and tended to be smaller in the central than in the 
eastern sample (not so in the males), and 3) the shape of the 
posterior edge of the hard palate was more often notched as in "type 
I" in the central than in the eastern sample. 
Among the male ribbon seals, the central and eastern samples 
differed significantly in four characters: I) The palatine foramina 
were less often ahead of and more often within the maxillo-palatine 
suture in the central than in the eastern sample, 2) the shape of the 
edge of the hard palate was less often of "type 4" and more often of 
"type 6" in the central sample, 3) the shape of the ventral edge of the 
foramen magnum tended to be more often of "type 2" in the central 
animals, and 4) the mandibular foramen was less often rounded and 
more often acute in the central than in the eastern males. 
In the spotted seals from central and eastern Bering Sea, some-
what more sexual dimorphism was evident, and the differentiation 
between regional samples was expressed much more strongly than 
in the ribbon seals (Table 2). In the central and Anadyr sample, 
females differed significantly from males in five characters: 1) The 
pterygoid vacuities were more often well expressed in females, 2) 
the exoccipital vacuities were more often absent bilaterally in 
females, 3) the nuchal crest was more strongly expressed in females 
than in males, 4) the ridges along the dorsal margins of the temporal 
fossae were better expressed in males than in females, and 5) those 
same ridges tended to converge on the frontal bones, forming a crest 
more often in the males. In the eastern sample, the degree of ridging 
along the upper edges of the temporal fossae, and the tendency for 
convergence into a crest on the frontals also tended to differ between 
sexes, but in both characters the trend was toward greater expression 
in females than in males. 
Both sexes of central spotted seals differed from the eastern 
sample in having I) palatine foramina more often ahead of than 
behind the posterior edges of the 5th postcanines, 2) the central 
vacuity in the basioccipital bone more irregular in shape, and 3) 
better expression of ridging on the upper edges of the temporal 
fossae. The central males (but not the females) also showed 4) more 
frequent presence of the exoccipital vacuities, and 5) of the central 
vacuity in the basioccipital bone, as well as 6) a greater tendency for 
the temporal ridges to form a crest on the frontals, than in the eastern 
sample. 
In the eastern spotted seals, the females showed significantly 
greater tendency for ridging on the ventral intermaxillary suture, 
and both sexes showed greater 1) expression of the pterygoid va-
cuities, 2) opening of the basioccipital-basisphenoidal suture, 3) 
presence of an interparietal suture, and 4) tendency for the mandibu-
lar foramina to be wedge-shaped. In the males (but not in the 
females), the nuchal crest was better expressed than in the central 
sample. In most instances, the probability of these differences 
having been due to chance was <0.1%. 
Table I.-Percentage frequency of occurrence of nonmetrical morphological characters in skulls of ribbon seals of central and eastern Bering Sea, with probability of 
significant interpopulalionai differences. 
Central area 
Females Males 
(N=55·59) (N=65·69) 
OIaracter %/ %/ 
Location of palatine foramina (Fig. 1 a) 
Ahead of maxilJo.palacine suture 25.4 24.6 
Behind maxilJo.palatine suture 18.6 7.2 
Within maxilJo.palatine sulUre 55.9 68.1 
Pterygoid vacuities (Fig. Ib) 
Absent 11.9 11.6 
Luge 61.0 68.1 
Small 27.1 20.3 
Central vacuity in basiOCCipital (Fig. Ic) 
Absent 20.3 21.7 
Luge 55.9 47.8 
Small 23.7 30.4 
\\Ieuities in exoccipitals (Fig. Id) 
Absent 47.3 29.0 
Present, right 52.7 59.4 
Present, left 52.7 58.0 
Shape, edge of hard palate (Figs. Ie, 2b) 
1}'pe I 16.9 7.6 
1}'pe 2 3.4 7.6 
Type 3 22.0 24.2 
1}'pe4 8.5 6.1 
1}'pe 5 25.4 24.2 
1}'pe6 23.7 28.8 
Shape, ventral edge foramen magnum (Figs. If, 2a) 
lYpel 35.1 15.9 
1}'pe2 22.8 37.7 
lYpe3 42.1 46.4 
Anterior processes of nasals (Fig. Ig) 
lateral processes longest 52.7 60.0 
L.ateral and medial processes equal in length 47.3 40.3 
Shape of mandibular foramen (Fig. 2d) 
Rounded 62.7 50.7 
Acute 37.3 49.3 
'·P<.05, ··P<.OI, ··'P<.OOI. 
DISCUSSION 
Shustov (1970) noted that ribbon seals localize in two main areas 
in the northern Bering Sea in spring: An eastern area, in the vicinity 
of St. Matthew, St. Lawrence, and King Islands, and a west-central 
area in Anadyr Gulf and along the Koryak coast. In his analysis of 
the dimensions of the body and skull, he found no significant 
differences between the animals from these two groups. On that 
basis, he concluded that the eastern and west-central groupings of 
Bering Sea ribbon seals are not independent, but appear to be 
panmictic. 
The comparison of those groups on the basis of nonmetrical 
characters reported here indicates that there is some phenotypic and 
probably weak genetic differentiation of ribbon seals in the eastern 
and central Bering Sea. Some distinctive differences in the direction 
of natural selection in the eastern and central areas are to be 
expected, inasmuch as the living conditions of these seals are not 
identical in the two areas. The eastern area is shallower and is 
exposed to the greater warming effect of the Pacific Ocean waters, 
which results in a unique biocoenosis in that region (Natarov 1963; 
Moiseev 1964). The central zone is much colder and deeper and 
supports a distinctly different biocoenosis. 
Although there is a tendency toward ecological and genetic dif-
ferentiation of eastern and central ribbon seals, apparently there is at 
Probability of 
Eastern area difference' between 
F:M' Females Males F:M' central and eastern 
difference (N=15·17) (N = 50-5 I) difference Females Males 
52 
(I) %/ %/ (I) (I) (I) 
0.12 31.2 47.1 1.02 0.63 2.61· 
1.94 25.0 11.8 1.31 0.73 0.88 
1.44 43.8 41.2 0.33 0.58 2.83·· 
0.74 0.0 5.9 1.14 2.28· 1.07 
0.85 68.8 70.6 0.30 0.42 0.26 
0.92 31.2 23.5 0.76 0.49 0.45 
0.18 0.0 28.0 4.10'·' 3.48·" 0.82 
0.74 82.4 56.0 2.11· 2.16' 0.70 
0.84 17.6 16.0 0.33 0.37 1.86 
2.13· 29.4 43.1 0.90 1.23 1.63 
0.77 58.8 49.0 0.42 0.30 0.95 
0.61 64.7 52.9 0.73 0.74 0.58 
1.60 0.0 6.0 1.21 3.03** 0.29 
1.02 0.0 6.0 1.21 0.55 0.29 
0.28 11.8 20.0 0.65 0.85 0.51 
0.53 23.5 24.0 0.12 1.57 2.70*' 
0.17 52.9 38.0 0.79 1.77 1.62 
0.64 5.9 6.0 0.28 1.97 3.47'" 
2.51' 33.3 29.4 0.46 0.05 1.77 
1.83 20.0 17.6 0.41 0.03 2.51' 
0.47 46.7 52.9 0.13 0.49 0.52 
0.83 53.3 68.0 1.18 0.12 0.87 
0.79 46.6 32.0 1.17 0.12 0.90 
1.36 70.6 2.24' 
1.36 29.4 2.24· 
the same time enough exchange (probably of young animals) be-
tween them to minimize their differentiation. Possibility for ex-
change appears to be greatest in years of less than average ice cover, 
when the breeding habitat is most restricted. The close similarity of 
the ribbon seals of the eastern and central Bering Sea indicates that 
they are not evolutionarily independent but compromise a single 
geographical population. 
In winters with average ice cover, the spotted seal population of 
the Bering Sea tends to be distributed in three major areas during the 
breeding season 1) to the southwest, in Karaginskii Gulf, 2) cen-
trally, from Cape Navarin to about long. 176°W, and 3) to the 
southeast, from the Pribilofs to Bristol Bay. The central group 
apparently moves northward into Anadyr Gulf in spring. The results 
of comparisons of samples from the Karaginskii and Anadyr groups 
have shown great morphological differentiation, as well as differ-
ences in the composition of their helminth faunas (Gol'tsev et al. 
footnote 3). Their differences are great enough to allow consider-
ation of these groups as independent, local populations. The high 
degree of phenotypic difference between samples of the Anadyr and 
southeastern Bering Sea groups also indicates great differentiation. 
The available information on the ecology· of the spotted seal 
characterizes this as an adaptable species, capable of inhabiting a 
wide variety of biocoenoses, from oceanic to estuarine. Conversely, 
the ribbon seal is wholly pelagic in the oceanic environment. The 
Table 2.- Percenlu~e frequency of occurrence or nonmett-ical morphological characters in skulls of spotted seals of centt-al and eastern Bering Sea, with probabUiIy .. 
significant interpopulational differences. 
Character 
Location of palaline foramina (Fig . la) 
Ahead of posterior edges 5th postcanines 
Behind posterior edges 5th posteanines 
Ridge along intermaxillary sulUre (Fig. I i) 
Present on full length 
Present on some pari 
Absenc 
Pterygoid vacuities (Fig . I b) 
Well expressed 
Weak Iy expressed 
Absent 
Bas ioccipital· basisphenoidal suture (Fig . Ij ) 
Open 
Partl y closed 
Absent 
Vacuities in exoccipitals (Fig. Id) 
Absent, both sides 
Present , left only 
Present , right only 
Present, both sides 
Central vacuity in basioccipital (Fig. Ic) 
Absent 
Round or oval 
Irregular form 
Large 
Small 
Interparietal suture (Fig. Ik) 
Present 
Nuchal crest (Fig. II) 
Well expressed 
Weakly expressed 
Absent 
Ridging , margins of temporal fossae (Fig . 1m) 
Well expressed 
Weakly expressed 
Absent 
Temporal margins on frontals (Figs. In , 2c) 
Convergent, forming crest 
Shape of mandibular foramen (Fig . 2d) 
Rounded . righl only 
Rounded . left only 
Wedge. shaped right 
Wedge. shaped left 
Shape. edge of hard palate (Figs . Ie . 2e) 
Type I 
Type 2 
Type 3 
Type 4 
Type 5 
Type 6 
Type 7 
"P <,05 . "P<.OI. "'P<.OOJ. 
Females 
(N=31 ·36) 
%/ 
63 .9 
36.1 
0.0 
31.4 
68 .6 
34.3 
48.6 
17.1 
0 .0 
13 .9 
86.1 
22.8 
2.8 
5.7 
68.6 
14.3 
25 .7 
60.0 
57.1 
28.6 
44.4 
41.7 
58.3 
0.0 
2.8 
91.7 
5.6 
23 .5 
50.0 
50.0 
50.0 
50.0 
3.2 
9.7 
0.0 
3.2 
0.0 
64.5 
19.4 
Cencral area 
Males 
(N=44) 
%/ 
70.4 
29.5 
2.3 
47 .7 
50.0 
13 .6 
56.8 
29.5 
2.3 
13 .6 
84 .1 
6.8 
2.3 
6.8 
84 . ) 
18.2 
22 .7 
56.8 
54.5 
27 .3 
45 .5 
4.5 
88 .6 
6.8 
31.8 
63 .6 
4.5 
47 .7 
' 63,6 
54 ,5 
36.4 
45,5 
0.0 
0 ,0 
0,0 
0.0 
0.0 
61.4 
38.6 
differentiation of populations of spotted seals probably is favored by 
their adaptability and, especially, by their social behavior. Whereas 
the ribbon seal is a solitary animal , seldom congregating in pods 
under any circumstances, the spotted seal forms very stable family 
groups during the breeding season and congregates in pods and 
larger herds immediately thereafter, for the rest of the spring, 
summer, and autumn . Such pods and herds congregate traditionally 
at certain estuaries and other feeding areas each year, and they haul 
out traditionally on certain reefs and islands. Those behaviors 
suggest the possibility of long-term social and, perhaps, genetic 
relationships among the members of the pods and even of the herds 
Eastern area 
F:M' 
difference 
(I) 
Females 
(N=20-11) 
%/ 
Males 
(N=18-24) 
%/ 
F:M' 
difference 
(I) 
Probability of 
difference' belween 
cenlral and easlern 
Females Males 
(I) (I) 
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0 .38 
0 ,65 
0 .89 
1.47 
1.68 
2.20' 
0.50 
1.29 
0 .9) 
0.07 
0 .22 
2.02' 
0 .22 
0 . 15 
1.65 
0 .43 
0.34 
0.26 
0.00 
0.)6 
0,08 
4 .26'" 
3.21" 
1.72 
3.8)'" 
3.24" 
0 .31 
2.28' 
1.25 
0.42 
1.00 
0.18 
1.16 
1.91 
0.00 
1.16 
0.00 
0 .23 
1.83 
9.5 
90.5 
14,3 
61.9 
23.8 
66.7 
)9 ,0 
14 ,3 
9.1 
63.6 
27.3 
14.3 
14.3 
9.5 
61.9 
31.8 
SO.O 
18.2 
18.2 
50.0 
90.0 
36.4 
59.) 
4.5 
0.0 
63 ,6 
36.4 
25.0 
15.0 
10.0 
85.0 
90.0 
14.3 
4.8 
4.8 
0.0 
4.8 
42.9 
28.6 
8.7 
91.3 
4 ,3 
69.6 
26.1 
78 .3 
17.4 
4.4 
13 .0 
69.6 
17.4 
27.3 
9. 1 
4.5 
59. 1 
40.9 
40,9 
18.2 
31.8 
27.3 
100,0 
34.8 
65.2 
0.0 
4.4 
33.3 
62.5 
0.0 
15,0 
11.I 
85,0 
88.9 
0.0 
0.0 
0 .0 
0 .0 
4.5 
59.0 
36.4 
0.12 
0.12 
1.17 
0.55 
0 . 16 
0 .88 
0.16 
1.15 
0.4) 
0.43 
0.8) 
1.06 
0.54 
0 .66 
0. 18 
0.63 
0.30 
0.00 
0,70 
1.27 
1.54 
0 ,12 
0.43 
1.04 
1.00 
1.84 
1.53 
2,62' 
0,00 
0.14 
0,00 
0.14 
1.89 
1.05 
1.05 
0.00 
0,06 
0 .76 
0,54 
4.93'" 
4.94'" 
2 .00' 
2.02' 
3.37" 
2 .19' 
2.38' 
0.18 
1.63 
3.91'" 
4.96'" 
0.72 
1.53 
0 .63 
0 ,58 
1.59 
1.59 
3.26" 
3.00" 
1.35 
3,91'" 
0.34 
0.01 
1.22 
0.70 
2.17' 
2.89" 
0.21 
2.70" 
3.38" 
2.94" 
3.64'" 
1.44 
0.58 
1.19 
0.77 
1.19 
1.28 
0,82 
6.45'" 
6.47'" 
0 ,63 
1.52 
1.74 
6,12'" 
3.32" 
2.97" 
1.59 
4 ,84'" 
6.58'" 
2. 12' 
1.21 
0.20 
2.21' 
1.99* 
1.58 
3.17** 
1.55 
0.00 
7 .27'" 
3,01" 
2 .22' 
1.52 
3.24" 
2.25' 
5.28'" 
6.20'" 
4. 17'" 
3.74'" 
4.17'" 
3.74'" 
0.00 
0 .00 
0.00 
0 .00 
1.28 
0.28 
0 .08 
congregating in traditional sites , As a rule, such relationships 
between individuals of gregarious species tend to favor genetic 
differentiation among groups (Haldane 1932; Hinde 1975) . The 
wide dispersal and wholly pelagic existence of the solitary ribbon 
seal, however, apparently tends to favor panmixia. 
CONCLUSION 
The ribbon seals in eastern and central Bering Sea are weakly 
differentiated morphologically, indicating a low degree of isolation 
and high degree of mixing. Conversely, the phenotypic analysis of 
Bering Sea spotted seals has shown quite the reverse: Strong dif-
ferentiation and apparent semi-isolation of the Karaginskii, Anadyr, 
and southeastern groups. From the aspect of resource management, 
the ribbon seals of the Bering Sea appear to be manageable as a 
single stock, spanning both the Soviet and the American economic 
zones. The spotted seal population, however, probably should be 
treated as three stocks: Western, central, and eastern. In the interest 
of preservation of stable reserves of those three stocks, each proba-
bly should be managed separately on the basis of its own distinctive 
populational and environmental parameters. Each stock inhabits a 
different biocoenosis, which is affected by a different set of en-
vironmental forces. Nevertheless, the harvests should be distributed 
as evenly as possible among these stocks, in order to maintain their 
balance and genetic diversity. 
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New Information on Foods of the Spotted Seal, 
Phoca largha, in the Bering Sea in Spring 
YURl A. BUKHTIYAROV,1 KATHRYN J. FROST,2 and LLOYD F LOWRy2 
ABSTRACT 
Information on foods of spoiled seals was obtained by Milly sis of stomach contents fro m specimens taken in 
spring in Karaginskii Gulf, Anadyr Gulf, and southeastern, central, and n orthern Derin g Sea. Pollock was the 
major prey in central Bering Sea and ranked second in Anadyr G ul f. Capelin wa, Ihe major food In 
southeastern Bering Sea and ranked second in northern Bering Sea. Arctic cod was the m.yor food in AJlMdyr 
Gulf and northern Bering Sea. Sand lance was the major food In Kuaginskii Gulf. Most of tbe fisbes eaten Were 
< 20 cm in length and <50 g in weigbt. A comparison of the lengtbs of Arctic cod eaten by spoiled seals and tbose 
caugbt in trawls in nortbern Bering Sea suggests tbat tbe seals may select the larger individuals of tbat speeles . 
Pups ate moslJy small crustaceans. Older animals ate mostly fisbes, shrimps, and octopus. Maximal quantltles 
of food per stomach ranged from 2.7 to 5.9% of the seal's body weight. 
PE310ME 
,ll,aHHble 0 nHT8HlU1 JlaprH 8H8JlHlHP08811KCb no co,nepifiHMoMY )KeJlY.JlKOB >KH80THbIX, 83S1TMX BecHoll B 
KaparHHcKoM, AHal-'blpCKOM JaJlHBax " B tOro-BOCTO"lHOfi, u.eHTpsnhHOn .. t ce8epHo~ 'i3CTSIX EepJ.tHrOB8 MOpA . 
MHHTSit HBJUlllCSI r llaBHblM "CTO~HIU\OM n}lW"1 8 uettTpSJlbHOii 'faCTH liepHHr008 MOpS. It 3aHliMseT BTopoe 
MCCTO B AHaJl.hJ.pCKOM 33J1Hse. Moii:sa COCT3BnJIJla OCHOSY nHTaHHR 8 tOrO-BOCTO~HOH '-faCTH, It 3aHHM2J1a BTopoe 
MeCTo B ceBepHoii '<aCTH i>epHHroBS "OpR. CailK8 npe06na.naJJs B nHUle B AHS,l\LIPCKOM 3anUBe H B ceBepHoil 
'iaCT" liepHHrOBa MOpH. neC"taHKa 6blJl8 rnaBHblM HCTO"lHHKOM nll~H 8 KaparHHCKOM 3anHoe. IiOIlbWHHCTBO 
Cbe,lleHHbIX phJ.6 6b1J10 MeHbwe 20 CM. B Jl,JlHHY It seeHno MeRbllle 50 rp. CpasHeHHe Jl,nUHh) caHKbl, C'beJl,eHHO" 
naproH H nOHMaHHoH TpaSloM B cesepHoij '1aCT" liepHHrosa MOPR, .uaeT oeHOBaHHe npeJl,nOnaraTb, .... TO TfOneHH 
BblfiHpalOT (lollee KpynllyfO caHKY. JlaprH-cerol.eTKH nHTanHCb rJlaBHblM o6pa30M MeIlKHMH paKoo6pa3HL.IMH. 
B3pocSlble )KHBOTHbie I1HTaSlHCb 8 OCHOBftOM pbl6aMH, KpeBeTKaMH H OCbMHHOraMH. 8 pa3Hbix npo6ax 
MaKCHManbHoe KOSlIf'ICCTBO HaH,ueHHoi:i DHut" 8 menYAKax naprH KOSle6anoCb OT 2,7 ,UO 5,9 npoueHTOB Beca Tena. 
INTRODUCTION Bering Sea by Gol'tsev (1971). The results presented in this paper 
supplement and extend Gol'tsev's pioneering work. 
The spotted or larga seal, Phoca largha, is one of several species 
of phocine seals which frequent the waters of the Soviet Far East and 
Alaska. The natural history of this species has been discussed by 
Burns (1970) , Burns et al. (1972), and Shaughnessy and Fay (1977) . 
During February to May, these seals are found in the ice front of the 
Bering Sea. This is a broad swath of small, dispersed and moving 
floes in the southern part of the seasonal pack ice, which extends 
from Alaska to the Siberian coast. Spotted seals give birth, nurse 
their young, and mate in the ice front. The exact geographical 
position of the front varies widely between years, but usually is over 
the continental shelf. As the Bering Sea pack ice begins to break up 
in May and June, spotted seals concentrate on the remaining ice, 
where they molt and spend much of their time basldng. After the 
Bering Sea ice has melted, these seals are found near shore, espe-
cially in and near estuaries. 
MATERIALS AND METHODS 
We collected information on the foods of spotted seals in March 
to June. Materials were obtained from seals collected in Karaginskii 
Gulf and AnadyrGulf from Soviet research vessels in 1972 and 1973 
and from seals collected in southeastern , central , and northern 
Bering Sea from American research vessels in 1976-78 (Fig.I). 
Stomachs and intestines were obtained from seals collected in 
waters <200 m deep over the continental shelf. Stomachs were slit 
open longitudinally and the contents removed . In some cases, the 
contents were examined and analyzed immediately; in others, they 
were preserved for later analysis. For analysis, the contents were 
gently sieved on a fine mesh screen and sorted by species. Each 
component was quantified by weight in Soviet analyses and by 
volume in American analyses. Weight and volume can be consid-
ered identical, since the densities of the prey involved are all close to 
I g/ml. The number of each species (or higher taxon) in each 
stomach was determined by counts of intact food items or represen-
tative hard parts, such as otoliths and other skeletal parts of fishes 
and beaks of cephalopods. In American studies, otoliths and 
cephalopod beaks were obtained also from the small intestine, 
which was slit longitudinally (primarily for parasitological studies) 
and washed in a pail of water. The contents were allowed to settle 
and otoliths and beaks were separated from other materials. Counts 
of otoliths froll' ~.tomachs and small intestines were combined in 
The only previous information on the food of spotted seals was 
from studies in the Okhotsk Sea by Wilke (1954), Fedoseev and 
Bukhtiyarov (1972)3, and Nikolaev and Skalkin (1975) and in the 
I Magadan Branch, Pacific Research Institute of Fisheries and Oceanography 
MoTlNRO), Nagaevskaya 51, Magadan 685013, USSR. 
' Alaska Department of Fish and Game. 1300 College Road, Fairbanks. AI< 99701. 
USA. 
3Fedoseev, G. A. , and Y. A. BUkhtiyarov. 1972. Food of se.ls of t:le Okhotsk Sea. 
Abstracts 5th all· union conf. stud. marine mammals, I: 110-112 . Makh.chkala . 
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Figure I.-Map of the Bering Sea sbowing areas in wlticb spotted seals were collected. 
analyses of the data. In some instances the lengths of fresh otoliths 
were measured to the nearest 0.1 mm with vernier calipers, as 
indices of size of the fi shes. 
In areas where seals were collected by American investigators, 
samples of available prey were collected by means of a 5.8 m 
headrope, semiballoon otter trawl. The contents of trawl catches 
~ere sorted, identified , and weighed. For fishes, the fo rk length, 
\\' ight, and the length of the otoliUlS were measured . Otolith size/ 
fish size relationships were calculated by means of regression analy-
sis (Frost and Lowry 1980, 1981) . 
Common and sc ienti fic names of fishes are from Bailey et aI. 
(1970). 
RESULTS 
Soviet Studies 
Stomachs of over 500 spotted seals were exami ned, I \0 of which 
contained food remains taken for analysis. Of the samples, 68 were 
from Karaginskii Gul f and 42 from Anadyr Gulf. A list of the 
species of prey found in the stomachs is given in Table I. 
In Karaginskii seals, the major food item was sand lance, wruch 
comprised 32.4% of the total weight of stomach contents. Other 
important foods included herring (13.2%) and octopus (10.3%) . 
Unidentifiable fish remains accounted for 14.7%. Ni ne of the 18 
species of prey were Shrimps. However, crustaceans in total com-
prised < 5% of the stomach contents and only Pandalus hypsinotus 
was commonly represented. The largest number of items in a single 
stomach included 323 sand lance and 9 octopus. 
In seals from Anadyr Gulf, fewer species of crustaceans were 
found , and these did not include large crangonid shrimps. Instead, 
brachyuran crabs (Chionoecetes opilio and Hyas coarctatus) and 
small shrimps of the family Hippolytidae were well represented. As 
in Karaginskii Gulf, crustaceans comprised < 5% of the total 
weight of food consumed. Arctic cod (29.5%), pollock (13.6%), 
and sand lance (9.1%) were the major prey. Remains of octopus 
occurred in 40% of the stomachs containing food. 
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Nine of 11 species of prey in stomachs of pups of the year were 
crustaceans (Table 2) . Shrimps of the family Hippolytidae and 
immature shrimps of the families Pandal idae and Crangonidae were 
most commonly eaten . Sand lance occurred in approximately one-
fourth, and algae occurred in more than one-half, of the stomachs of 
the seals in this age class. 
Fishes and larger shr imp were present in grellter quantities than 
sm all crustaceans in seals 1 to 4 yr old. Octopus occasionally were 
present; algae occurred rarely. The average weight of the food mass 
in Ibis age group was 250 g/stomach with a maximum of 2,300 g. 
In sexually mature animals, fishes made up the greatest propor-
tion of the stomach contents. Analysis of the skeletal remains 
indicated that most of these were large individuals. Crabs as well as 
shrimps occasionaJly were present. Octopus occurred more often 
than in the younger animals. 
American Studies 
Of 51 seals collected, 31 from the central (n=5), southeastern 
(n= 14), and northern (n= 12) Bering Sea contained food remains in 
the stomach and/or intestine . The species of prey identified are 
gi ven in Table I. 
Pishes comprised more than 95% of the stomach contents of seals 
from all areas; octopus comprised 2% in central and 3% in northern 
Bering Sea. Shrimps were found in only two seals from the northern 
Bering Sea and amounted to < 1 % of the total stomach contents. In 
central Bering Sea, pollock and eelpout were the major foods; in 
southeastern Bering Sea, capelin was the major prey, followed by 
pollock and herring (Table 3). In northern Bering Sea, Arctic cod, 
capelin, and saffron cod were found most frequently and in the 
largest numbers. 
Four of the spotted seals taken in southeastern Bering Sea were 
collected from a single locality (lat. 57°4Q'N, long. l65°01'W) on 
20 April 1977. Partially digested remains of 55 capelin and otoliths 
from two pollock were found in the seal stomachs. In a 20-min tow 
with an otter trawl at this location, the fishes caught included 28 
capelin, 16 pollock, 28 sculpins, and 4 fishes of other species. 
Table I.-Prey taxa identified in spoUed seal stomacbs in the Bering Sea. 
Karaginskii 
Prey Gulf 
Invertebra!es 
Neomysis rayi 
Thysanoessa sp. 
Parathemisto libellu/a 
ParuJa/us hypsinotus X 
ParuJa/opsis /amelligera X 
Sc/erocrangon boreas X 
Sc/erocrangon sa/ebrosa X 
Sclerocrangon inlermedia X 
Argis (=Nectocrangon) /ar X 
Argis (=Nectocrangon) crassa X 
Crangon sp. X 
Lebbeus groen/andica X 
Eua/us gaimardii 
Pagurus sp. X 
Chionoecetes opilio X 
Hyas coarctafus 
Bivalve mollusk X 
Octopus sp. X 
Fishes 
Clupea harengus X 
(Pacific herring) 
Mallotus vi/Iosus 
(capel in) 
Boreogadus saida X 
(Arc!ic cod) 
E/eginus gracilis X 
(saffron cod) 
Theragra chalcogramma 
(walleye pollock) 
Lycodes sp. 
(eelpou!) 
Lumpenus sp. 
(prickJeback) 
Ammodytes hexapterus X 
(Pacific sand lance) 
Hexagrammos sp. 
(greenling) 
Family Canidae 
(sculpins) 
Gymnocanthus sp. 
Ice/us sp. 
Myoxocepha/us sp. 
Trig/ops sp. 
Family Pleuronec!idae 
(flatfish) 
Algae X 
Most of the fishes eaten by spotted seals in northern Bering Sea 
were < 20 cm in length and < 50 g in weight (Table 4). Larger 
fishes, particularly large sculpins, are sometimes eaten, but in such 
cases, the head of the fish may not be eaten.4 Therefore, the otoliths 
of such fishes would not be present in the stomach or intestine. In 
our studies we did not find skeletal remains of fishes larger than 
those shown in Table 4. 
The fresh condition of the stomach contents in 13 of the seals 
collected in southeastern Bering Sea indicated that they were ac-
lively feeding at Ihe time of collection. In these. volumes of 
stomach contents ranged from 45 ml in a seal thai had eaten capelin 
to 1,535 ml in a seal that had eaten herring. The mean volume of 
stomach contents in these seals was 491.5 ml, amounting to about 
0.9% of the total body weight of the seals (range 0.08 to 2.7%). 
'J. J. Burns. Game Biologis! I Y, Alaska Departmen! ofFish and Game, Fairbanks, 
AK 99701, pers. commun June 1979. 
Anadyr Norther" Cen!ral Southeastern 
Gulf Bering Sea Bering Sea Bering Sea 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X 
X 
X 
X 
X X 
X X 
X X 
X X 
X X 
X X X 
X X 
X 
X 
X 
X 
X X 
X 
X X 
The range in size of Arctic cod caught by the otter trawl compared 
with those caught by the seals was very similar (Fig. 2). '"!:.he cod 
eaten by the seals, however, tended to be slightly longer (x=14.9 
cm, n=326) than those caught in the trawls (x= 14.2 cm, n = 121). 
Of the Arctic cod caught in the trawls, 38/121 (31.4%) were < 12 cm 
long, while only 33/326 (13.5%) of those eaten by the seals were < 
12 cm long. These differences in proportions are highly significant 
(X 2 =21.353, P< 0.01) and indicate that the I-yr-old Arctic cod 
(7-12 cm long), which were strongly represented in the trawl 
catches, were not commonly eaten by the seals. 
DISCUSSION 
At least 18 species of invertebrates and 15~pecies of fishes were 
identified from the stomach and intestinal contents of spotted seals 
collected in the Bering Sea in spring. Sixteen of the invertebrate 
species were crustaceans, 10 of which were shrimps. The number of 
prey species identified from seals collected in central and southeast-
Table 2.-Percentage frequency of occurrence of prey taxa in stomachs of 
spotted seals in relation to age class. 
Age class of sea" 
Pups It04 yr 5 or more yr 
Prey n=27 n=21 n=35 
Thysanoessa sp. 2.8 
Decapod crustaceans 4.8 
PandaJus hypsinotus 7.4 4.8 S.7 
Pandalus sp. 3.7 14.2 14.2 
Pandalopsis lamelligera 4.8 
Scleroerangon boreas 2.8 
Scleroerangon salebrosa 2.8 
Sclerocrangon ;n1ermedia 3.7 
Sclerocrangon sp. 3 .7 2 .8 
Argis (=Necloerangon) lar 4 .8 
Argis .< =Necrocrangon) crassa 3.7 
Crangon sp. 3 .7 
Family Hippolytidae 7.4 
Lebbeus groenJandica 4.8 
Pagurus sp. 3.: 
Chionoeeeles opilio 3.7 8.5 
Hyas coareta/us 2.8 
Bivalve mollusks 4.8 2.8 
OCIOPUS sp. 9.5 31.4 
Unidentified fishe, 14.2 25 .7 
Clupea harenglls 9.5 14.2 
Ammodyll..'s heXiJp,el'u~ 2j9 38.0 25 .7 
£Ieginlls gracilis 2 .8 
Boreagadlls saida 4.8 11.4 
Theragra cira/cagrammu 2.8 
Family COllidae 2.8 
Family PleuronectiJae 4.8 
Hexagrammos sp. 2.8 
Algae 51.8 4.8 
ern Bering Sea was less than in other areas. The largest number of 
prey species was identified in samples from Karaginskii Gulf. In 
general, the number of species identified was positively correlated 
with sample size. In northern Bering Sea, however, 14 prey species 
were found in 12 seals examined , while in southeastern Bering Sea 
only 8 prey species were found in 14 seals. 
In spring in the Bering Sea, fishes , shrimps, and octopus com-
pri sed most of the food ofsponed seals in all areas, but the principal 
species eaten differed among areas. Pollock was the major food in 
central Bering Sea and ranked second in Anadyr Gulf. Pollock have 
bee n reported to be the main prey of these seals in the Okhotsk Sea 
(Wi lke 1954; Fedoseev and Bukhtiyarov footnote 3). Capel in was 
the primary food in southeastern Bering Sea and ranked second in 
northern Bering Sea. Arctic cod was the major prey in Anadyr Gulf 
and northern Bering Sea. Sand lance was the major food in 
Tahle 4.-Size characteristics of fishes eaten by spotted seals in northern 
Bering Sea. 
No. 
otoliths 
Prey measured 
Boreogadus saida 326 
£leginus gracilis 131 
Theragra chalcogramma 21 
Lycodes Spl 6 
Family Cortidae' 19 
Mallotus I'illosus' 
Clupea harengus' 
Ammodyles hexapleTIIs' 
Size of fishes estimated 
from otolith length 
Length (cm) Weigh! (g) 
Mean Range Mean Range 
14.9 7.6·20.5 24.9 2.2- 7~.9 
16.7 6.2-25.1 36.4 1.4-144.6 
10.9 8.0-15.0 8.4 3.3- 20.0 
27.3 22.3-30.9 73.4 38.0-103.1 
10.0 3.3-16.5 14.5 0 .3- 44 .1 
9.0-14.2 10.1 4 .5- 16.1 
8.6-27.2 12.5 5.0-180.0 
6.6-11.9 2.3 0.5· 4.S 
'Based on otolith length to fish length and weight relationships for Lyeodes 
palearis. 
'Based on otolith length to fish length and weight relationships for Mvoxo· 
cephalus sp. 
'Based on sizes of fishes caught by Oller trawl in the area in which seals were 
collected. 
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Figure 2_-Length-frequency distribution of Arctic cod, Boreogadus S/lida, 
obtained from trawl samples and from stomacbs of spotted seals in the same 
areas of northern Bering Sea. Fork lengths of fishes from seal stomachs were 
estimated from otolith lengths . 
Table 3.- Fishes identified from otoUths in stomachs and intestines of spotted seals taken in the Bering Sea. 
Central Bering (n=5) Southeastern Bering (n = 14) Nonhern Bering (n = 12) 
Total number Frequency of Total number Frequency of Total number Frequency of 
of fishes occurrence of fishes occurrence of fishes occurrence 
Species (%) (%) (%) (%) (%) (%) 
Theragra chalcogramma 88 80 5 43 2 8 
Boreogadus saida 7 51 92 
Eleginus gracilis 7 15 42 
Clupea harengus 5 14 4 25 
Mallotus villosu,. 89 86 19 42 
Ammodyles hexaplerus 4 25 
Lycodes spp II 80 8 
LWllpenus sp. 20 
Family Couidae 20 21 5 42 
Family Pleuronectidae 7 25 
'Less than 1%. 
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Karaginskii G ulf. Herring was of minor importance in all areas. 
Herring and rainbow smelt , Osmer us mordax, are major foods of 
spotted seals in southeastern Chukchi Sea in early summer and 
autumn (Frost and Lowry unpub\. data), as well as along southwest-
ern Seward Peninsula in au tumn (1. J. Burns footnote 4). In general, 
the regional and seasonal differences in foods of spotted seals 
appear to be related to the seasonal distribution and abundance of 
the principal species of forage fishes . 
The comparison of seal stomach and otter trawl contents from 
southeastern Bering Sea suggests that selection of prey does occur. 
Capel in comprised 36.8% of the number of fishes caught in the 
trawl, while pollock and scu lpins accounted for 21.0 and 36.8%, 
respectively. Since no pollock or sculpin bones were found in the 
stomachs, we concluded that the seals were feeding selectively on 
capelin when collected. Spotted seals sometimes eat pollock and 
sculpins in appreciable quantities (Table 3) , but in this instance they 
apparently had selected for capel in or against pollock and sculpins. 
Most of the fishes eaten by these seals are swallowed whole. The 
results in Figure 2 indicate that, given access to fishes of different 
s izes , the seals selected certain size classes, possibly those most 
easily caught and swallowed. 
The quantity of food found in each stomach usually was small, 
relative to the weight of the seals. The maximal quantity from Soviet 
samples was about 4.1 % of the average body weight and from the 
American samples , only 2.7%. Gol't sev (1971) reported a 
maximum of 3,300 g, which would be about 5.9% of the body 
weight of a medium-sized seal. Keyes (1968) reported that phocid 
seals in captivity eat 6-10% of their body weight per day. Ashwell-
Erickson et a\. (1979) reported that the food intake of two captive 
spotted seals declined from 13% of the body weight per day during 
the first year of life to 3% at age 9 yr. The quantity of food in the 
stomach of a seal at any given time varies widely and does not 
appear to be directly related to the daily food requirement. More 
information is needed on the rate of food consumption, amount of 
time spent feeding, and rate of food passage through the stomach. 
The differences found in this study between age classes in kinds 
of prey consumed were similar to those reported by Gol'tsev (1971) 
and Popov and Bukhtiyarov (1975)5. Spotted seals in their first year 
of life tend to eat mostly small crustaceans (amphipods, shrimps, 
and euphausiids) and commonly eat algae, sticks, and other debris. 
These kinds of items were not found in older animals. Animals 1 to 4 
yr old mostly ate fishes, Jarger shrimps, and occasionally octopus. 
Those 5 yr or older fed more on benthic organisms , such as crabs and 
octopus. Similar changes in diet with age have been observed in 
ringed seals, Phoca hispida, in northern Bering and Chukchi Seas 
(Lowry et al. 1980) . 
Most of the prey species eaten by spotted seals in the Bering Sea 
also are eaten by other marine mammals and by seabirds and fishes 
(McAlister and Perez 1976)6. Many of the same species also are 
' Popov, Y. N ., and Y. A . Bukhtiyarov. 1975. On age-related changes in feeding 
and helminth faunas of sponed seals in the Okhotsk Sea. Abstracts 6th all-union 
conf. marine mammals, 2:62-64. Naukova Dumka, Kiev. 
'McAlister, W. B., and M. A. Perez. 1976. Ecosystem dynamics: Birds and 
marine mammals. Part \. Preliminary estimate of pinniped-finfish relationships in 
the Bering Sea. Final report R.U. 77,29 p. Outer Continental Shelf Environmental 
Assessment Program, NOAA Environ. Res. Lab., Boulder, Colo. 
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harvested in commercial fisheries (Lowry et al. 1979). A detailed 
understanding of the trophic interrelationships of major marine 
consumers in this area is essential for the design of national policies 
for marine resource utilization and conservation. Further studies of 
the foods of spotted seals and other Bering Sea pinnipeds by both 
Soviet and American scientists are needed to supply the information 
required for mUltispecies resource management. 
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Helminthological Comparison of Sub populations of 
Bering Sea Spotted Seals, Phoca largha Pallas 
SEMYON L. DELYAMURE,' MIKHAIL V. YURAKHNO,' VALENTIN N. POPOV,' 
LARRY M. SHULTS,2 and FRANCIS H. FAy2 
ABSTRACT 
The population of spotted seals in the Bering Sea appears to consist of three major groups, which 
concentrate at the time of giving birth and mating in Karaginskii Gulf, the Navarin-Anadyr region, and in 
southeastern Bering Sea from the Pribilof Islands to Bristol Bay, respectively. As part of an investigation of the 
biological characteristics of the seals in each group, their helminth faunas were compared. Samples consisted of 
122 seals from the Karaginskii region, 130 from the Navarin-Anadyr region, and 57 from the Pribilof-Bristol 
Bay region. Of 22 species of hehninths isolated from these seals, only 10 were common to all three regional 
samples, and most differed to a significant degree among regions in both prevalence and intensity of infection. 
The seals of the Karaginskii and Prlbilof regions had fewer species of helminths in common (11) than either had 
with the Anadyr group (13), but were significantly more similar in the prevalences of the respective helminths. 
In numbers of hehninths per host, the Anadyr and Pribilofseals were much more similar than either was to the 
Karaginskii seals. The differences between regional samples appear to be attributable In part to tbe somewhat 
different assemblages of prey available and, perhaps in part, to regional food preferences derived from learned, 
traditional, or inherited behaviors. 
PE310ME 
nonYJ1RLtHH napr" B liepHHrOBOM Mope no-BHJl.HMOMY CQCTOHT HJ rpex rJl8BHbiX rpynn, KOTopwe 
cocpe)J.OTOLJHoaJOTCA 80 BpeMH PO')K)J.eHHA H CnapHBaHHA B KaparHHCKOM laIlHBe, B HaBapHH-AHaJl.blpCKOM 
paitoHe, H 8 IOro-OOCTO'-lHolj "taCT" liepHHrooa Mopa OT npH6MJlOBCKHX OCTPOBOB)J.O 6PHCTO.JlbCKOrO lanHaa. B 
CBA)" C HCClle)l,OBaHHeM 6HOJlOrH'-leCKHX oc06eHHOCTeH ')THX TIOJleHeH B K3lK,llOH rpynne cpaBHHBan8Cb HX 
rellhMHIlTo<j>aYIla. np06", nOIlY'teH'" OT 122 IlBpr Hl KaparHIlcKoro lallHBa, 130 Hl AHBAhlpcKoro l8JIHBa, H 57 
Hl n pH6hliloBo-IiPHCTOJlbCKOrO paiioHa. TOJlhKO 10 Hl 22 DHAOD reJlhMHHTOD ABI1AIOTCA 0611\HMH AJIA Bcex TPex 
paitolloR; 0):1H8KO CTeneHh HHTellCHRHOCTH H )KCTeHCHRHOCTH HHBa]HH 3HaLlHTeJ1hHO HJMeHHeTCH B KalK):10M "3 
JT"X paHoHoB. KaparHHCKaH H npH6blJ10BCKaA nonYJ1Au,H" "MeJ1" 11 06lQHX BHJJ.OB renhMHHTOB, HO KaIKJJ.aH"3 
nHX nonYJI"UHII HMeJla 13 BHAOB reJlhMHHTOB 0611\Hx c. aHaA",pcKoii rpynnoii. AHaAblpcKHe H npH6h1J108CKHe 
TIO.llClut HaH60nee CXOJJ.IIMe no "1ITeHCHBHOCTH HHBaJHH. PalHHU,a MeIKJJ.Y perHOHaJlbHLlMH np06aMH OT'iaCTH 
MOlKeT 6b1Tb 06ycnoBneHa nOKanhllblMH oc06eHHOCTIlMH "UTaUHH, a C JJ.pyroH CTOPOHbl - pau,uoHoM, 
Onpe):1eHHeMhlM npHo6peTeHHblM, Tpa)J.HLJ.HOIIHLlM HJlH YHaCJIeJJ.oBaHHhlM nOBeJl,eHHeM TlOneHeH. 
INTRODUCTION 
Spotted or larga seals, Phoca largha, inhabit the seas bounding 
the northern part of the Pacific Ocean, wherever pack ice is a 
dominant physical feature in winter (Mohr 1965; Chapskii 1969; 
Shaughnessy and Fay 1977). During their breeding season in early 
spring, the spotted seals of the Bering Sea are associated with the 
southern part of the pack ice, within about 100 km of its edge. 
Surveys of their distribution in April to early May, at the time of 
parturition and mating, repeatedly have disclosed a consistent pat-
tern of varying abundance in different sectors of the ice (Tikho-
mirov and Kosygin 1966; Gol'tsev et al. 1975,3 1978; Burns and 
'Laboratory of Marine Mammal Parasitology. Frunze State University, Sim-
feropol· 333036. USSR. 
'Institute of Marine Science, University of Alaska, Fairbanks, AK 99701, USA. 
"Gol"tsev, V. N., V N. Popov, and M. V. Yurakhno. 1975. On the localization of 
stocks of Bering Sea largas. In Marine mammals. Materials 6th ail·union conL 
1:100·102. [Abstc] Naukova Dumka, Kiev. 
'Burns. J. l., and S. J. Harbo, Jr. 1977. An aerial census of spotted seal, Phoca 
virulina largha. and walruses. Odobenus rosmarus, in the ice front of Bering Sea. In 
Environmental assessment of the Alaskan continental sheiL Quarterly reports of 
principal invesligators. April·June 1977, Vol. I, p. 58-132. NOAA Environ. Res. 
Lab., Boulder. Colo. 
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Harbo 19774 ). The seals tend to concentrate at that time principally 
in three regions: I) In Karaginskii Gulf, 2) south of Cape Navarin to 
St. Matthew Island, and 3) in southeastern Bering Sea, from the 
Pribilof Islands to outer Bristol Bay (Braham et al. 1984). Later in 
the spring, with melting and recession of the pack ice, the 
Karaginskii seals apparently disperse to Kamchatkan and Koryak 
nearshore waters, the Navarin-St. Matthew seals move. northward 
into Anadyr Gulf, while the others continue through the Bering 
Strait, into the Chukchi Sea. They summer principally in coastal 
and estuarine habitats. 
Because the three concentrations appear to be semi-isolated dur-
ing the breeding season, they may warrant separate consideration in 
the formulation of management procedures. In order to assess the 
degree of their isolation, series of specimens have been collected 
from each group in recent years, for comparison of their craniologi-
cal and helminthological characteristics. The results of the helmin-
thological investigations are presented in this report. 
MATERIALS AND METHODS 
Helminthological data from the Karaginskii Gulf breeding con-
centration were obtained from 122 seals taken there between 6 and 
28 May 1972 (examined by Popov). In the Navarin-Anadyr con-
centration, data were obtained from 116 seals taken in Anadyr Gulf 
between 8 April and 16 June 1967 (Yurakhno), and from 14 taken 
there between 5 May and II July 1972 (Popov). Data for the 
Pribilof-Bristol Bay concentration were obtained from 26 seals 
taken in the vicinity of the Pribilof Islands between 17 and 28 April 
1976 (Yurakhno), 15 in southern Bristol Bay between 25 March and 
25 April 1976 (Shults); 8 about 275 km north of the Pribilof Islands 
between 22 March and 26 April 1977 (Shults); and 8 about 450 km 
north of the Pribilofs between 26 May and 4 June 1977 (Shults). The 
geographic position of each sample is shown in Figure I. 
For each seal, the contents of the heart, lungs, gall bladder, 
stomach, and both the large and the small intestines were examined 
thoroughly. All helminths from them were then washed in fresh- or 
seawater and fixed in 10% Formalin.s Later, in the laboratory, they 
were examined and identified by conventional methods. 
The resultant data were treated statistically, following Bek-
lemishev (1970) and Breev (1976), by Student's (-test for signifi-
cance of difference between sample means: 
where x sample mean, assuming binomial distribution 
S = standard deviation about the sample mean. 
When tbe value of t was > 2.0, the differences between regional 
samples were considered to be significant at tbeO.95 level; when t > 
3.03, the difference was accepted as significant at the 0.999 level. 
'Reference to trade names does not imply endorsement by the Nationat Marine 
Fisheries Service, NOAA. 
RESULTS 
The qualitative and quantitative characteristics of the helminths 
from spotted seals in the samples from the three compared concen-
trations are presented in Tables I to 3 and in Figures 2 and 3. 
The results of comparison of the helminth faunas of the 
Karaginskii and Anadyr populations already have been published 
(Gol'tsev et al. 1978). Therefore, we confine ourselves here princi-
pally to comparison of the helminths of the southeastern Bering Sea 
seals with those from the Anadyr and Karaginskii regions. Larval 
forms of helminths were excluded from the comparison. 
From Table I, one can see that the species composition of the 
helminths in the seals from each of the three regions was similar; 
nevertheless, only 10 of the 22 species were shared. These included 
several widely prevalent parasites of marine mammals (Delyamure 
et al. 1979): The trematode Phocitrema fusiforme; the cestode 
Anophryocephalus Sp.;6 the acanthocephalans Corynosoma 
semerme, C. strumosum, C. validum, and C. villosum; and the 
nematodes Anasakis simplex, Phocascaris cystophorae, Terranova 
sp. (footnote 6), and Dipetalonema spirocauda. 
The qualitative similarity of the helminth fauna of the seals from 
southeastern Bering Sea to those in the Karaginskii and Navarin-
Anadyr regions lay almost exclusively within those 10 species. The 
only other resemblances were 1) to the Karaginskii seals in the 
presence of the cestode Diplogonoporus tetrapterus, and 2) to the 
Navarin-Anadyr seals in the presence of the trematode Ortho-
splanchnus arcticus, the cestode Diphyllobothrium sp., and the 
nematode Contracaecum osculatum. The remaining species did not 
occur in common. 
'The authors are nOi in full agreement as to the specific identification of cestodes 
of the genus AnophryocephaJus, nematodes of the genus Terranova (=Phocanema), 
and acanthocephalans of the genus Bolbosoma, hence these are indicated here as 
indeterminate species ("sp."), pending further study. 
160·E 170·E 180· 170·W 160·W 
Figure I.-Locations in which samples of spotted seals were taken 
for helmintbological investigation in the Bering Sea. Dashed line 
marks approximate maximal extent of winter pack ice. 
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Table I.-Comparative percentage frequency of occurrence of species of helminths in spotted seals 
taken in Karaginskii and Anadyr Gulfs and in the Pribilof·Bristol Bay region of Bering Sea. 
Karaginskii Anadyr Pribilof 
(n_=I22) (n= 130) (n=57) 
Species of helminth x ± 5 x :<: S x?:S 1 1 - 2 1 1_ 3 (2-3 
Orfhosplanchnus arcticlls 8.5:<:2.43 .8:<: I .73 2.25 
Orthosplanchllus Pyxmaeus 0.8:<:0.81 
Phocilrema Jusiforme 29.5:<:4.11 10.8:<:2.72 .80:1.73 3.78 6.22 2.81 
Microphallus orienralis 1.8:<:1.73 
Anophryocephalus sp.' 24.5:<:3.76 23.8:<:3.74 56.1 :<:6.56 0.13 4.1~ 4.28 
Diphyllobothrium sp. 2.3:<: 1.32 7.0:<:3.38 1.29 
Diplogonoporus tetrapterus 1.7:<: I. 15 8.8:<:3.78 1.80 
Pyramicocephalus phocarum 1.8:<:1.73 
Diphyllobothriidae gen. sp. 3.3:<: 1.61 1.8:<: 1.73 0.05 
Corynosoma semerme 45.8:<:4.51 54.6:<:4.36 '88.10:4.99 1.40 6.30 5.07 
C orynosoma Sirumosum 87.0:<:3.05 81 6:<:3.39 93.0:<:3.38 1.19 1.32 2.39 
Corynosoma validum 8.2:<:2.48 4.6:<: 1.18 3.5:<:2.44 1.31 135 0.40 
Corynosoma villosllm 2.5:<:1.40 3.0:<:1.50 3.5:<:2.44 0.28 0.37 0.16 
Corynosoma wegener; 6.2:<:2.24 8.5 :<:2.43 0.58 
Bolbosoma spc 5.3 :<:2.96 
Anisakis simplex 36.1 :<:4.35 2.3:<: 1.32 7.00:3.38 7.44 5.29 1.31 
Contracaecum osculalum 2.3:<: 1.32 31.6:<:6.30 4.54 
Phocascaris cystophorae 54.9:<:4.50 72.3:<:3.93 52.60:6.60 2.92 0.29 2.57 
Terranova Sp.1 65.3 :<:4.31 33.1 :<:4.12 50.9:<:6.61 5.40 1.82 2.29 
Terranova decipiens I I .6:<: I. 15 4.6:<: 1.84 1.37 
Anisakidae gen. sp. 0.8:<:0.77 
OlOstrongylus circumlitlls 1.8:<: I. 73 
Parajilaroides krascheninnikovi 2.4:<: I .38 0.8:<:0.77 1.04 
Dipetalonema spirocauda 4.0:<: 1.77 8.5:<:2.44 1.8:<: 1.73 1.47 0.92 3.41 
'Species in question; authors disagree On identifications. 
'Based on sample size of 42 seals. 
Table 2.-Comparative abundance (number per host) of each species of helminth in spotted seals taken 
in Karaginskii and Anadyr Gulfs and in the Pribilof region' of Bering Sea. 
2 
Karaginskii Anadyr Pribilof 
(n= 122) (n= 130) (n=26) 
Species of helminth x:<:S x:<:S x:<:S 1 1 - 2 11 - 3 12 - 3 
Orthosplanchnus arcticus 1.5:<: 0.97 0.3:<: 0.26 1.25 
Orthosplanchnus pygmneus 0.0:<: 0.01 
Phocitrema fusiforme p' p p 
Microphallus orientalis p 
Anophryocephalus skrjabini' 10.2:<: 3.47 p 1.7:<: 0.81 2.38 
Diphyllobothrium sp. 0.0:<: 0.05 P 
Diplogonoporus tetrapterus 0.1:<: 0.06 1.9:<: 1.84 0.99 
Pyramicocephalus phocarum 0.2:<: 0.15 
Diphyllobothriidae gen. sp. 0.1:<: 0.10 0.1:<: 0.08 0.08 
Corynosoma semerme 2.7:<: 0.48 14.4:<: 3.26 8.5:<: 1.43 2.71 3.85 1.65 
Corynosoma Sirumosum 119.0:<:87.60 835.0:<:208.00 397.0:<: 103.00 3.18 2.04 1.89 
Corynosoma validum 0.2:<: 0.08 0.1 :<: 0.08 0.1 :<: 0.08 1.10 0.83 0.28 
Corynosoma villosum 0.1:<: 0.06 0.0:<: 0.Q2 0.2:<: 0.09 0.67 0.73 1.44 
C orynosoma wegener; 0.3:<: 0.24 0.6:<: 0.30 0.76 
Bolbosoma nipponicum' p 
Anisakis simplex 11.9:<: 1.13 0.1:<: 0.10 0.4:<: 0.14 10.4 10.1 1.45 
Contracaecum osculalum 0.1:<: 0.06 P 
Phocascaris cyslOphorae 7.0:<: 0.62 16.9:<: 3.03 7.7:<: 1.32 3.18 0.47 2.79 
Terranova azarasi3 13.0:<: 2.31 4.3:<: 1.10 3.4:<: 1.02 3.14 3.80 0.56 
Terranova decipiens 3 0.2:<: 0.19 0.6:<: 0.53 0.71 
Anisakidae gen. sp. 0.0:<: 0.01 
OlOslrongylus circumlitus 0.3:<: 0.31 
Parajilaroides krascheninnikovi O. 1:<: 0.10 0.0:<: 0.02 0.99 
Dipetalonema spirocauda 0.8:<: 0.69 0.8:<: 0.63 p 0.05 
'Includes only the April 1976 (Yurakhno) sample; comparable data not available from others. 
'Present but not counted. 
'Species in question; authors disagree On identifications. 
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Table 3.-Comparative diversity of species of helminths in spotted seals of different ages, taken in Karaginskii and Anadyr Gulfs and in 
the Pribilof region I of Bering Sea. 
2 
Karagi nski i Anadyr Pribilof 
Age of seals n ~±S c.y' n .~ ±S c.v. n X:!:S c.Y. 1 ]- 2 '1- 3 ' 2-l 
Newborn 8 
Yearlings 18 1.4:t0.27 102.0 18 0.4:t0.26 286.0 2.66 
1·4 yr 46 4.5:!:0.2:1 34.5 45 3.8:t0.18 31.6 3.8:t0. 16 9.5 2.28 2.36 0.00 
5·12 yr 27 4.4:t0.38 23.2 44 4.3:t0.20 31.4 12 4.4:t0 .28 21.5 0 .40 0.04 0.44 
13 yr and older 23 4 .6:t0.21 23.6 14 4.1 :to.46 41.8 4.7:t0.28 20.6 0 .92 0 .27 1.06 
Age unknown 2 3.5:t0.35 14 .3 
TOlal 122 3.HO.18 52.1 130 3.3:t0.17 59.0 26 4.01:0 .28 35 .9 1.71 0.90 2. 19 
'Includes onl y lhe April 1976 (Yurakhno) sample; comparable dala nol available from olhers . 
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Figure 2.-Percentage of seals infected (A) by CorynosornD semerme, and mean 
numbers per host (8) in relation to age of spotted seals tak en In the Karaginskii 
(I), Anadyr (2), and Pribilof (3) regions of the Bering Sea . 
The seals from the southeastern Bering Sea differed from the 
others in that they alone had the trematode Microphallus orientalis, 
the acanthocephalan Bolbosoma sp. (footnote 6), the cestode 
Pyramicocephalus phocarum, and the nematode Olostrongylus cir-
cumlitus . Only the Karaginskii seals had the trematode Orrho-
sp/anchnus pygmaeus, and only they and the N vari n-Anadyr seals 
had the acanthocephalan Corynosoma wegeneri and nematodes 
identified as Terranova decipiens and Parafilaroide..\· krasche-
ninnikovi. 
Quantitative comparison between regional samples could be 
done only with the species of helminths wh ich they had in common. 
Those, of course, were the ones which hlost frequently and most 
intensively infected these seals. The data obtain.ed indicate substan-
tial differences in frequency of occurrence of the helminths between 
samples (Table I). 
T he southeastern and southwestern (Karagiru;k ii) samples d if-
fered significantly to highly significantly in infect ion ratc by four 
species [Phocitremafusiforme, Anophryocepha/us sp . (footnote 6), 
Corynosoma semerme, and Anasakis simplex ]; the mean numbers 
per host (Table 2) also differed significantly to highly signifi cantly 
for five species [Anophryocephalus skrjabini (footnote 6), 
Corynosoma semerme, C. Slrumosum, Anasakis simplex, and Ter-
ranova azarasi (footnote 6)] . Significant difference~ in infection 
rate were not indicated for the cestode Diplogonoporus tetrapterus; 
the acanthocephalans Corynnsoma slrumosum, C. validllm , and C . 
villosum ; or for the nematodes Phocascaris cystophorae, Terranova 
sp . (footnote 6) , and Dipetalonema spirocauda. Most of those 
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Figure 3.-Percentage of seals infected (Al by Terranova Dzarasi, and mean 
numbers per host (B) in relation to age of spotted seals taken in the Karaginskii 
(I), Anadyr (2), and Pribilof (3) regions of the Bering Sea. 
[excepting C. srrumosum and T. azarasi (footnote 6)) also did not 
differ significantly in numbers per host. 
The helminth fauna of the sample from the sou theastern Bering 
Sea also differed Signifi cant ly to highly significantly from that of 
the Navarin-Anadyr sample in infection rate by nine species of 
helminths [Orth osplanchnus arcricus, Phocirrema fusiforme, 
Anophryocephalus sp . (footnote 6), Corynosoma semerme, C. 
.vlrlllnosum , Conlracaecum osculatum, Phocascaris cysrophorae, 
Terranuva sp. (footnote 6), and Dipetalonema spirocauda). For 
only P. cystophorae, however, did the numbers per host differ 
significantly. 
Some differences between regional samples also were apparent in 
the species diversity of helminths in seals of different age class ' 
(Table 3). The c1eare I tendency toward increa cd d iversity in rel a-
tion to the age uf the hosts was evident in the seals from the 
sotltheaste rn Bering Sea. In the Anadyr sample, conversely, a ten -
dency toward diminution in number of species was indicated in tl1e 
oldes t age group of seals. The coefficient of variation of species 
d iversity also was least overall (35.9%) in the southeastern sample 
and lower for each age group than in the other regional samples. 
DISCUSSION 
The great similarity between the three samples of seals in the 
composition of their helminth faunas indicates a high degree of 
uniformity in the diets of the spotted seals in al j regions . The greater 
similarity in some respects between the helminths of the southeast-
ern and Karaginskii seals than between those of the southeastern and 
Navarin-Anadyr concentrations is notable and may be attributable 
to the greater similarity of habitats occupied by the seals in 
Karaginskii Gulf and the Pribilof-Bristol Bay regions , with con-
sequent availability of similar, subarctic prey. The waters of the 
Navarin-Anadyr region , conversely, are appreciably deeper and 
colder tha:1 .hose of the southeastern and southwestern shelves of 
the Bering Sea and support a predominantly arctic assemblage of 
organisms (Zenkcvitch 1963) . 
Although the availability to the seals of somewhat diffcrent 
assemblages of prey in each of the three regions may account for 
some of the difference between their helminth faunas, other factors 
such as prey selection may be of equal or greater importance . That 
is, the spotted seals inhabiting each region may exhibit learned, 
trad itional, or inherited preferences for different kinds or sizes of 
prey than those in the other regions, the result of which could be 
infection by different kinds and numbers of helminths . That this is a 
plausible factor is suggested by the distinct differences in helminth 
faunas between the southeastern Bering Sea spotted seals and their 
sympatric relatives, the Pacific harbor seals, Phoca vitulina 
richardsi, of the Pribilof Islands (Shults 1979,7 1982). The same 
kinds of prey were available to both species of seals at the same time 
(April) and some of those were eaten by both species (Lowry and 
Frost 1981). Nevertheless, the harbor and spotted seals were infected 
in common by only six species of helminths [Anophryocephalus sp. 
(footnote 6), Diplogonoporus tetrapterus, Corynosoma semerme, 
C. strumosum, Contracaecum osculatum, and Dipetalonema 
spirocaudaJ. The infection rates by each helminth also were mark-
edly different in the two species of seals. Furthermore, the harbor 
seals lacked the other 12 species which were present in the spotted 
seals and were infected by one (Corynosoma hadweni) which was 
absent from the spotted seals. The contrasting results indicate that 
these two closely related species of seals, given access to the same 
food sources, have somewhat dissimilar dietary preferences as a 
consequence of learned or inherited behaviors. We suggest that the 
same may be true of the spotted seals in the three areas where 
breeding is concentrated. Since each is genetically differentiated to 
some degree, as indicated by their craniological variation (Fedoseev 
1984), a corollary may be behavioral differentiation . 
In our opinion, the helminthologicaJ findings reported here lend 
some support to the concept of three semidiscrete subpopulations of 
spotted seals in the Bering Sea, as has been indicated by the 
distributional and craniological data . 
'Shults , L. M . 1979. Helminth parasites of the Pacific harbor seal, Phoca vitulina 
richardsi, from Alaskan waters. Unpubl. manuscr. , JO p . Institute of Marine Sci-
ence, University of Alaska, Fairbanks, AK 99701. 
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Abundance and Distribution of the Pacific Walrus, 
Odobenus rosmarus diver gens : Results of the First 
Soviet-American Joint Aerial Survey, Autumn 1975 
JAMES A. ESTES! and VITALI N. GOL'TSEV2 
ABSTRACT 
An aerial survey of the Pacific walrus, Odobenus rosmarus divergens, coordinated between the Soviet Union 
and the United States, was carried out during autumn 1975. Purposes of the survey were to estimate walrus 
abundance and distribution, and to evaluate aerial survey methods. Biologists from the United States surveyed 
the edge of the pack ice from Pt. Barrow west to long. 174°W. Biologists from the Soviet Union surveyed coastal 
areas and the edge of the pack ice east to long. 178"W. Congregations of walruses on shore were counted from 
aerial photographs, the distribution and abundance of walruses hauled out on the pack ice were estimated from 
random and systematic aerial transects. Walruses were most abundant between about long. 1620 and 16SOW in 
the U.S. sector. Most of these animals were associated closely with the southern edge of the pack ice. The 
number of walruses hauled out and the frequency distribution of group size varied significantly among days. 
Abundance estimates in the U.S. sector ranged between about2,SOO and 100,000 animals. In the Soviet sector of 
the Bering and Chukchi Seas nearly 100,000 walruses were counted from photographs of coastal aggregations, 
and 26,000 were estimated from surveys of the pack Ice. The number in the Bering Sea was greater than usual, 
possibly due to unusually heavy sea ice in the western Chukchi Sea. Although these and earlier data support the 
notion that the Pacific walrus population has increased in size in recent years, their substantial bias and 
variation contribute to unacceptably wide confidence limits on estimates of abundance and population trends. 
PE310ME 
AepoBH3yaJIbHbie lIa6mo,lJ.ellHR 38 THXOOKeSIiCKHM MOPiKOM, C'KOOP,ll,HHHPOS3HHble Mem)J.Y COBeTCKHM 
COt010M .. elU A, fiblJlH BblnOJlHelfbl QceHbiO 1975 r. C l{eJlblO H3y"teIlHH pacnpe,ueJleIlHH, o--.ellKH JanaCOB, a T8Kme 
anpo6Hpoa811HA paJltbix cnoc0608 31poY1..feTIl. AMepHK3HcKHe HCCne.LJ.OaaTeJUt o6cne):10BaJlH paHOlt KPOMK" 
Jlt.,Ua OT Mltlea Jiappoy )J.O 1740 3 . .u. .. CooeTcKHe HCCJle,ll,OBaTeJlH oCMoTpenH npH6pe)KHble paHOHhl" KpOMKy 111.)1.3 
H3 BOCToKe AO 178° 1.A .. nOAc'teT MoplKeil H3 nelK61lUlax npoBoAllncH no aJp0<!>oTocHIlMKaM. PacnpeAeneHHe II 
KOJlHl.{eCTBO MopiKeH H8 I1b.r.y onpe.lleJlHJlOCb6eccHcTeMHo. a T8KiKe no cxeMe 118 y"teTHbiX nOJlocax. HaHfioJlbUJee 
KOIHilJeCTBO MopiKeH laperHCTp"pOa8HO MeiK.llY 1620 J.,Q.11 1650 3.'u. 8 8MepHKaHCKOM ceKTope. 3TH Joep" 8 
OCII08"OM pacnOJlOraJlHCb a6.nH1H KntmOH KpOMKH naKOBoro J]b,L\a. KOJlH'feCTBO MopiKeit H8 Jlb.llY, l.facrQT8 
BCTpel.JaeMOCTH CT8)l, " HX BeJlHl.fHlla ]H8LJHTenbH H1MemlJlHCb B OT.lleJlbllbie AIIK. lJHCJleliHOCTb JBepeH B 
8MepHK8HCKOM ceKTope K0J1e6aJlOCb OT 2,500 ,UO 100,000 ronoa. 8 CQOeTCKOM ceKTope liepHHroB3 " 
'IYKoTcKoro Mopeli OKono tOO,OOO ronOB nOAC'tHT3HbI no 31p0<!>oTorpa<!>HHM ne>K6HUI; 26,000 nOAC'tHTaHbI no 
8JpOBHlyallbubiM lIafiJlIOAeHHAM 118 naKODOM I1bJ1..Y. KOJlW-IeCTBO MopiKeii B liepHHrOROM Mope fiblJlO 60JlbWe, 
'-ICM 06b1'tIlO, II.{TO H01MO')KHO CBH18110 C THiKeJlOH Jle;J.080H OtiCT8HOBKOH B Jana,llHoit 'taCT" lfYKOTCKoro MOpA. 
HeCMOTpA H3 TO, ~TO HaWIt ,[taHHble .. 60Jlee pallHHe HCCne,IJ.OBanHA nO,llTOepiK,IJ.aIOT MHeHHe 0 pOCTe 
nonyJlA'-'HH THXOOKeaHCKoro MopiKa 0 nOCJle,IJ.Hlte rO,IJ.bI, TeM He MeHee HeT 60nbWOH yoepeliHOCTH B 
,[l,OCTOBepHOCTH oueUOK "tHCJleUHOCTH It TeH)J.ellll."" nonynAll.HH 88HJlY WHPOKOH Oap"a6HJlbIlOCTH )1,allllblX. 
INTRODUCTION 
The Pacific walrus, Odobenus rosmarus divergens, is conspicu-
ous and unique among ice-inhabiting pinnipeds of the Bering and 
Chukchi Seas. Walruses are closely associated with the southern 
part of the polar ice cap, and they migrate great distances in 
response to seasonal variation in the distribution of pack ice. Dur-
ing late winter, the population occupies the area from Bristol Bay 
(Fig. I) northwestward to Anadyr Gulf. Walruses migrate through 
Bering Strait in spring. By late September, when the pack ice has 
receded into the Arctic Ocean, walruses are found along the ice edge 
from about Point Barrow westward to the mouth of the Kolyma 
'U.s. Fish and Wildlife Service, Denver Wildlife Research Cenler. Center for 
Marine Siudies, Applied Sciences Building, Universily of California, Sanla Cruz. 
CA 95064, USA. 
'Magadan Branch. Pacific Research Inslitute of Fisheries and Oceanography 
(MoTINRO), Nagaevskaya 51, Magadan 685013, USSR. 
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River in the East Siberian Sea. At least 6,000 to 8,000 males remain 
throughout the summer in Anadyr Gulf at Rudder and Meechken 
Spits, and at least 12,000 remain in Bristol Bay at Round Island 
(Gol'tsev 1968; Taggart and Zabel 19803 ). 
During summers when the weather is warm and the edge of the 
pack ice is far north (to lat. 73° or 74°N), walruses abandon the pack 
ice and haul out on Wrangel and Herald Islands and at a number of 
locations along the northern coast of the Chukchi Peninsula. During 
cooler summers, when the ice edge is farther south, they remain 
with the ice rather than coming ashore (Tomilin and Kibal'chich 
1975). Formation of new ice begins in Long Strait during early 
October and the walruses begin to migrate southeastward toward 
Bering Strait. When there is no sea ice along their migration route, 
they haul out to rest on the northern coast of the Chukchi Peninsula 
'Taggarl, S. J., and C. Zabel. 1980. Round Island repori, summer 1980. iJnpubJ. 
rep .. 13 p. Alaska Dep. Fish Game, Dillingham, AK 99576. 
• Herold 1. 
US S R 
\>-+-
~' 
-+-0 
"Anastasia Bay 
, ,PetluBay 
John Tho Boptist I. 
,
Commandor 
~ Is. 
C. Vltgenshtoln 
• Prlbllol 
• Is. 
.. 
• 
Aleutian Islands 
"., •. ....,. j.' 
" . 
Figure I.-The Soviet Far Eastern Coast, showllll places referred to in Ibis report. 
(Nikulin 1947). The peculiarities of this distribution and of the 
behavior of walruses in autumn can be used advantageously to 
census a substantial portion of the total population directly. 
Before about the middle of the 19th century the Pacific walrus 
population had been little affected by human exploitation, although 
walruses had been harvested for at least 2,500 yr by Eskimos. 
During the last half of the 19th century, the walrus population 
declined in abundance and range as a consequence of commercial 
harvesting by Yankee whalers (Fay 1957). By the beginning of the 
20th century, those harvests had decreased to a low level, and 
practically ceased during World War 1. Commercial harvests of 
walruses were taken by the Soviet Union from 1930 to 1957. By the 
late 1950's, both the USA and the USSR had forbidden the harvest of 
walruses except for subsistence use by local people. 
Rese:ll'ch on the natural history and population status of the 
Pacific walrus began in Alaska and Chukotka in the 1930's (Be-
lopo)'skii 1939; Collins 1940) and was intensified in the 1950's 
(Brooks 1954; Fay 1955; Fedoseev 1962; Krylov 1962). In 1958 the 
State of Alaska and the Soviet Government initiated management 
program~' based on the harvests of walruses by natives in Alaskan 
and F.:T Eastern waters (Burns 1965;4 Krylov 1968). Aerial surveys 
to determine the abundance of walruses were begun by the Soviet 
Union in 1958 (P. G. Nikulin in Fedoseev 1962) and by the United 
'Burns, .I. J. 1965. The walrus in Alaska, ils ecology and management. Alaska 
Oep. Fish Game, Juneau, 48 p. 
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States in 1960 (Kenyon 19605). Later, surveys were conducted by 
the Soviet Union in 1960, 1964, and 1970, and by the United States 
in 1961, 1968, and 1972. The results of those surveys suggested that 
walruses were increasing in abundance, though the basis for that 
conclusion was weak because some portions of the area occupied by 
walruses were not surveyed. 
This paper reports the results of an internationally coordinated 
aerial survey of the Pacific walrus. The accuracy and precision of 
the population esti mates derived from it are discussed and the uti I ity 
of aerial surveys for future studies of walruses is considered. 
METHODS 
During June 1975, scientists from the United States and Soviet 
Union met in Leningrad to discuss procedures whereby the joint 
survey of walruses would be carried out. Agreement was reached on 
beginning the survey in early September, the exact time depending 
on availability of aircraft. The boundary between the American and 
Soviet survey areas would be the International Date Line. Because 
the problems associated with surveying walruses in the pack ice 
differ from those in surveying coastal haul out areas, methods 
employed by the United States and the Soviet Union are discussed 
separately. 
'Kenyon, K. W. 1960. Aerial surveys of marine mammals in the Bering Sea, 23 
February to 2 March 1960 and 25·28 April 1960. Unpub!. rep., 39 p. U.S. Bur. Sporl 
Fish. Wildl" Seattle, WA 98115. 
American Survey 
The survey was carried out along the ice edge zone of the eastern 
Chukchi Sea, between Point Barrow and the International Date 
Line. The northern boundary of the survey area was about 50 nmi 
(93 km) north of the ice edge; the southern boundary was at lat. 
69°30' N and the Alaskan coast I ine. The southern boundary at lat. 
69°30' N was about 100 nmi (185 km) south of the ice edge. We 
assumed that most walruses in the open water south of the pack ice 
would occur within that range. 
We allocated 4 d of our survey effort to the pack ice zone and I d to 
the expanse of open water south of the ice edge. The survey strips 
were selected at random each day from a set of 360 potential 
north-south transects, I nmi (1.85 km) apart. These were located 
between long. 156° and 174°W. For surveys over the ice zone, each 
survey strip crossed the area between the consolidated pack and the 
southern extremity of dispersed drifting ice. The northern and 
southern ends of those strips were predetermined each day, on the 
basis of ice information provided by the U.S. Navy Fleet Weather 
Facility and our observations from the previous day's survey. 
The survey aircraft was a Lockheed P2 V 6 equipped with a Global 
Navigation System and long range fuel capacity. This aircraft was 
selected because it afforded excellent air to surface visibility from 
'Reference to Irade names does not imply endorsemenl by Ihe Nalional Marine 
Fisheries Service. NOAA. 
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the nose bubble. It was Hown at a speed of ISO nmi/h (278 km/h) 
and at an altitude of 500 ft (152 m), except where the cloud ceiling 
required a lower altitude for adequate visibility. Two observers 
counted the animals along a strip extending 0.5 nmi to each side of 
the Hight track. We counted each walrus or group of walruses; the 
number of animals per group was counted or estimated. A group 
was defined as two or more walruses within about one body length 
of each other. Animals within the 0.5 nmi (0.93 km) wide transect 
on each side of the Hight track were classified further as occurring I) 
within the inner 0.125 nmi (0.23 km), 2) between 0.125 and 0.25 
nmi (0.46 km), or 3) between 0.25 and 0.5 nmi from the Hight track. 
We determined those distances by sighting along the appropriate 
angles marked on protractors mounted at eye level on each side of 
the nose bubble. Angles were adjusted for changes in altitude. 
Each day, 9 to 14 strips were surveyed. On 9 September, however, 
we terminated the survey after 7 strips, because of equipment 
failure. The number of strips per day was determined by the maxi-
mal range of the aircraft and the location of each transect. By this 
means, we obtained random samples of the distribution and abun-
dance of the walruses visible to us within the survey areas. 
Soviet Survey 
Walruses in the Bering and Chukchi Seas west of the International 
Date Line were surveyed via an IL-14 aircraft between 15 September 
and 16 October. In that area, walruses occur in large numbers both 
on the pack ice and on coastal hauling grounds. 
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Figure 2.-Major features of the Bering-Chukchi region, showing the areas surveyed in this study. 
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The shorel ine was surveyed from Ossor Spit and Karaginskii 
Island. southwestern Bering Sea, to Cape Schmidt and western 
Chukchi Sea (Fig. 2). The larger groups of walruses were photo-
graphed from directly overhead (Fig. 3) at an altitude of700 to 1,000 
m (depending on ceiling), with a linear overlap between adjacent 
frames of 30 to 3S%. The areas occupied by walruses on the 
photographs were measured with a planimeter, and the density of 
animals was determined by sample counts with a binocular mag-
nifier. With these data, the total number of walruses occupying the 
hauling ground was estimated. In areas where density varied over 
the hauling ground, walruses were counted individually, as were 
those nearby in the water. We found that extrapolated estimates 
varied from exact counts by less than ± 2.S%. 
Reconnaissance flights were flown initially over the pack ice to 
determine the distribution of walruses and ice conditions. System-
atic transects were flown on subsequent days over the areas in which 
walruses had been seen. The distance between adjacent transects 
varied from 10 to 20 km. Estimates of abundance were based on the 
area sampled and walrus density. We have no reason to believe that 
the different methods we employed in surveys over the ice were of 
any real consequence to our results. 
The aircraft was flown at an average speed of2S0 km/h. Width of 
the transect was estimated from angles marked on the viewing port. 
The plane was equipped with two cameras: An AFA-TE-SOO, 18 x 
Figure 3.-Aerial photograph of walruses on hauling ground al 
Meechken Island, 18 September 1975. 
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18 cm format, with a SOO mm objective lens, and an AFA-42-20, 30 
x 30 cm format, with a 200 mm objective lens. From an altitude of 
1,000 m, these camera systems provide respective scales of 1/2,000 
and I/S,OOO. The AFA-42-20 was operated simultaneously only 
when there were many walruses in the water that could not be 
photographed by the AFA-TE-SOO. 
RESULTS 
American Survey 
The ice edge east of the International Date Line drifted in a 
generally southward direction from I September when the surveys 
began, to 12 September when they were completed. This movement 
was as great as 139 to 18S km in some areas. The ice edge was 
convoluted in the vicinity of the International Date Line, crossing 
the Date Line at several locations. 
Walruses were most abundant between about long. 1620 and 
16So W (Fig. 4). Large numbers of animals were observed in all ice 
concentrations (Estes and Gilbert 1978). Of3,S72 walruses sighted 
in the sample strips from the ice edge northward, 3,S22 (98.6%) 
were situated in the southernmost 6 deciles of the transects (Fig. 
SA), compared with an expected 2.143 (60%) if the distribution had 
been uniform. These data suggest that our survey area over the ice 
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Figure 4.-The number of walruses observed (solid line) within longitudinal 
intervals of 3° along the ice edge of the eastern Chukchi Sea. Only data from 5, 
8, and 12 September 1975 are included. Numbers were adjusted (dash line) by 
multiplying by /ifni where '!l = the number of strip samples taken from the ith 
interval of3° longitude and n = the mean of these values (after Estes and Gilbert 
1978). 
sampled most of the walruses which were associated with the pack 
ice. The distributional pattern of animals in the open water south of 
the ice was more irregular (Fig. 5B). Hence, our survey area there 
may have been too small by limiting its southward extent to lat. 
69°30' N. This suggestion is partly negated by the fact that the 
number of animals seen in the open water survey was very small. 
The numbers of walruses counted on ice and in the water in the 
three subtransects (i.e., 0 to 0.23 km, 0.23 to 0.46 km, and 0.46 to 
0.93 kml on each side of the flight track are shown in Table I. The 
probability of variation from a uniform distribution was tested by 
the X2 method. The results suggest that the probability of sighting 
walruses on the ice was nearly constant from 0 to at least 0.93 km (as 
was concluded also by Kenyon 19727), whereas the probability of 
sighting walruses in the water decreased at distances> 0.23 km. 
For a more detailed discussion of this, see Estes and Gilbert 
(l978:1ll3-1114). 
'Kenyon. K. W 1972. Aerial surveys of marine mammals in Ihe Bering Sea, 6-16 
April 1972. Un pub!, rep .• 79 p. U.S. Bur. Sport Fish. Wild!., Sealtle, WA 98115. 
Table l.-Chi-squared tests of goodness of fit of sighted, as compared with 
expected (uniform), distribution of walruses in relation to distance from the 
aircrafl. ' 
Dislance from Highl Irack (km) 
0-0.23 
Grou ps on ice 
Sighled 31 
Expecled 38 
Individuals on ice 
Sighled 442 
ExpeCled 927 
Groups in waler 
Sighled 26 
Expecled 14 
Individuals in waler 
Sighled 68 
Expecled 40 
I From American survey only. 
2P(X~ > 9.2) = 0.01. 
0.23-0.46 0.46-0.93 
41 80 
38 76 
944 2,323 
927 1,854 
17 13 
14 28 
53 39 
40 79 
X' 
1.7 
2372.5 
'18.9 
'42.6 
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Figure 5.- Frequency distributions of the numbers of individuals and numbers 
of groups of walruses sighted within decile segments of the survey strips, A) from 
the ice edge northward, and B) from the ice edge southward in the Chukchi Sea, 
5-12 September 1975 (after Estes and Gilbert 1978). 
The total number of groups sighted on 8 September was an 
order of magnitude greater than the number sighted on any of the 
other 3 d of over-ice surveys (Table 2)_ Furthermore, in the over-
ice surveys the number of walruses sighted in the water versus on 
the ice each day differed highly significantly from the expected 
(overall mean) number (X~ = 208.56; P < 0_01). The same 
Table 2.-Summary of counts of walruses from the American surveys in the 
eastern Chukchi Sea, 1975.' 
Date. locat ion. and Number of groups Number of individuab 
no. of strips (n) On ice In water On ice In \vater 
I Sep!.. over water (10) 
Total 21 42 
Mean/strip 2.1 4.2 
5 Sep!.. over ice (9) 
Total 10 12 106 19 
Mean/strip 1.1 1.3 11.8 2.1 
8 Sep!.. over ice (14) 
Total 118 2:! 3.150 63 
Mean/strip 8.4 1.6 225.0 4.5 
9 Sep!.. over ice (7) 
Total 18 9 161 3S 
Mean/strip 2.6 1.3 23 5A 
12 Sep ... over ice (13) 
Total 6 13 292 3X 
Mean/strip 0.5 1.0 22.5 2.<1 
'Summarized from Estes and Gilbert (1978). 
comparison, tested without the data from 8 September. indicated 
no significant difference among days (X~ = 5.91; P > 0.05). 
Thus, there is high probability that, not only was a much larger 
number present in the area on 8 September, but a much higher 
proportion of them was on the ice. 
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Figure 6.-Comparative frequency distributions of gJ'oup sius of walruses 
sighted on ice in the eastern Chukchi Sea, on 8 (upper) versus 5, 9, and 12 
(lower) September 1975, Dash line F(X) shows the cumulative frequency dis-
tribution (after Estes and Gilbert 1978). 
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The frequency distribution of group sizes sighted indicated that a 
greater proportion of the animals was in large groups on 8 Sep-
tember than on the combined days of 5,9, and 12 September (Fig. 
6). On 5. 9, and 12 September, only a single group larger than 50 
walruses and only 6 groups larger than 25 walruses were sighted 
(Fig. 6). On 8 September, 12 groups larger than 50 walruses and 62 
groups larger than 25 walruses were sighted. The mean group size 
tended to be about 10 times greater on ice than in water. 
We employed two methods to estimate the abundance of walruses 
in U.S. waters. Method I was a modified ratio of means estimator 
whereby the sample density of walruses was multiplied by the area 
surveyed. Method II was independent of area, treating each sample 
transect as a random sample of the ice between long. 156° and 
174°W. Essentially, Method II transformed the sample space into a 
single dimension which was divided into equal sampling intervals, 
each 1.85 km in length. Both methods were modified to obtain 
estimates based on the product of group density (or number for 
Method II) and mean group size. A variance was calculated for each 
population estimate (Estes and Gilbert 1978). 
Estimates of walrus abundance ranged between 818 and 1,621 in 
the open water and between 2,475 and 100,568 in the ice. Coeffi-
Table 3,-Estimates of the total abundance (T) and standard deviation S(T) 
of walruses in the eastern Chukchi Sea, based on the American surveys in 1975. 
Estimated abundance 
Based on number 
Based on number of groups and 
Date, location, and of individuals mean group size 
method of est i mat ion T S(h T S(h 
I Sept., over water 
Method I' 
All strips 818 684 818 665 
N-S strips only 1,581 1,309 1,621 1,348 
Method O' 
All strips 1,026 927 1,026 954 
N-S strips only 1.716 1,6% 1,760 1,740 
5 Sept., over ice 
Method I 
All strips 2,475 1,606 2,475 2,170 
N-S strips only 4,656 2,846 4,224 4,094 
Method II 
All strips 5,000 2,737 5,000 2.871 
N-S strips only 8,568 4,480 7,773 4,650 
8 Sept., over ice 
Method I 
All strips 75,959 30,92t 75,959 19,I2t 
N-S strips only 100,568 57,689 85,848 29,222 
Method II 
All strips 82,620 37,428 82,620 26,020 
N-S strips only 90,765 63,561 77,480 33,007 
12 Sept., over ice 
Method I 
All strips 7,755 4,551 7,755 5,920 
N-S strips only 13,533 7,990 11,587 9,259 
Method II 
All strips 9,138 6,\30 9,138 6,743 
N-S strips only 12,780 9,915 10,942 8,402 
Combined, over ice, all days 
Method I 
All strips 27,000 10,731 27,000 7,097 
N·S strips only 36,337 20,616 32,871 11,511 
Method II 
All strips 36,680 15,127 36,680 10,191 
N-S strips only 41,486 24,551 37,528 12,937 
1 Mean density per survey, extrapolated 10 total area. "All strip,' include the 
north·south strips. as well as the diagonals between them. 
'Mean number p~r >trip, times the 10lal number of possible strips. 
cients of variation [SChIT, where T = estimated size of the popula-
tion and S(T) = standard deviation of estimated population size] 
ranged between 0.26 and 0.99 (Table 3, mean = 0.62). 
Soviet Survey 
The coast of Siberia from Ossor Spit and Karaginskii Island, 
eastern Kamchatka, to Kolyuchin Island in the Chukchi Sea, and the 
ice edge from Cape Billings to Wrangel Island (Fig. 2) were sur-
veyed during reconnaissance flights on 17 and 19 September and 5 
October. Coastal hauling grounds were identified in the Bering Sea 
on John the Baptist Island, the western extremity of Meechken Spit, 
Rudder Spit, Nunyangan Island, Arakamchechen Island, the eastern 
end of Big Diomede Island, and near the former village site of 
Naukan. In the Chukchi Sea, coastal hauling grounds were located 
at Cape Inchoun and Cape Serdtse Kamen. 
About 77,000 and 20,000 walruses were counted from photo-
graphs taken of coastal hauling grounds in the Bering and Chukchi 
Seas, respectively (Table 4). The large numbers of walruses usually 
found on or near Wrangel Island in September apparently were 
farther south, because of unusually heavy ice in the western Chuk-
chi Sea. The number in the Bering Sea was much larger than usual, 
Table 4.-Nurnber of walruses counted and estimated on coastal bauling grounds along the Soviet Coast, September-
October 1975. 
Number of Area occupied 
Date Time Weather walruses per walrus (m2) Basis 
John the Bapt ist Island 
4 Oct. 1313 Overcast, caJm 200 4 Individual count. 
Meechken Spit 
18 Sept. 1007 Clear, calm 8,242 1.8 Extrapolated from 
density and area. 
18 Sept. 1007 Clear, calm 8,044 1.8 Individual count. 
21 Sept. 1547 Clear, light wind 500-600 Visual estimate. 
Rudder Spit 
21 Sept. 1533 Clear, I ight wind 445 Individual count. 
Nunyangan Island 
18 Sept. 1153 Overcast, stormy 1,152 Individual count. 
19 Sept. 0955 Overcast, windy 627 Individual count. 
21 Sept. 1412 Clear, light wind 19,977 1.54 Extrapolated from 
density and area. 
9 Oct. 1033 Overcast, windy 1,628 Individual count. 
Arakamchechen Island 
18 Sept. 1215 Overcast, stormy 3,996 1.89 Extrapolated from 
density and area. 
19 Sept. 1007 Overcast, wi ndy 1,208 Individual count. 
21 Sept. 1400 Clear, light wind 41,882 1.56 Extrapolated from 
density and area, and 
individual count. 
9 Oct. 1050 Overcast, windy Several thousand 
sleeping in the water. 
Big Diomede Island 
21 Sept. 1132 Clear, light wind 4,228 2.43 Individual count. 
21 Sept. 1146 Clear, light wind 3,516 Individual count. 
Naukan 
21 Sept. 1132 Clear, light wind 2,144 1.76 Extrapolated from 
density and area, and 
individual count. 
5 Oct. 1233 Clear, calm 2,326 Walruses approaching 
from the north. 
7 Oct. 1146 Clear, light wind 2,417 1.32 Many walruses in the 
water. 
9 Oct. 1150 Overcast, windy 3,357 1.88 Walruses approaching 
from the north. 
Inchoun 
21 Sept. I I 15 Clear, light wind 5,029 1.70 Extrapolated from 
density and area, and 
individual count. 
5Oc!. 1246 Clear, calm 7,742 1.67 Extrapolated from 
density and area, and 
individual count. 
7 Oct. 1132 Clear, windy 3,700 1.30 Extrapolated from 
density and area, and 
individual count. 
9 Oct. 1202 Light clouds, calm 5,700 Individual count. 
Cape Serdlse Kamen 
5 Oct. 1320 Clear, calm 11,972 1.95 Extrapolated from 
density and area, and 
individual count. 
9 Oct. 1245 Clear, calm 9,188 2.83 Extrapolated from 
density and area, and 
individual count. 
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possibly for the same reason. For example, during September 1970, 
only 20,000 walruses were observed on coastal hauling grounds in 
the Bering Sea (Gol'tsev 19728). 
Walrus hauling grounds on John the Baptist and Nunyangan 
Islands were recorded for the first time during the autumn of 1975 . 
Those animals on John the Baptist Island apparently are part of a 
small herd that has remained in the vicinity of Pett;r and Anastasia 
Bays and in Olyutorskii Gulf, during the past several summers. V. 
V. Zimushk09 saw 12 walruses 11 to 15 km off the coast of Anastasia 
Bay, 3 walruses near Cape Vitgenshtein, and 5 walruses about 59 
km east of Cape Navarin . These animals probably all belonged to 
the group that summers in the Koryak region . Walruses that hauled 
out on Nunyangan Island may have occupied the Akkaniiskii haul-
ing ground during earlier years . Up to 12,000 animals were ob-
served by Gol'tsev at Cape Kriguigan on the Akkaniiskii hauling 
ground during autumn of 1972, 1973, and 1974; however, in 1975 
this area was not occupied. 
Most of the walruses associated with the ice edge during Sep-
tember were concentrated about 15 to 19 kIn east of Cape Billings 
and in a narrow strip of ice which extended from Kolyuchin Island 
to the Two Pilots Spit. Smaller numbers of walruses were seen from 
Cape Billings southeastward to the edge of the ice . 
The ice edge in Long Strait during September 1975 was 140 to 157 
kIn farther east than usual. The ice coverage also was greater than 
usual. During most years, ice conditions are less severe, and large 
concentrations of walruses occur in the area west and southwest of 
Wrangelisland, some 296 t0352 kmnorthoftheirlocation in 1975. 
Many small polynas were present near Cape Billings. Small 
groups of walruses (3 to 5 animals), frequently including females 
with calves, were observed moving in a southeasterly direction. 
From Cape Billings to long. 178°W, a densitYofO. 76 walruses/km2 
was observed, from which we estimated an overal.1 abundance of 
65,000 animals in that area. The density of walruses between the 
mouth of the Amguema River to Cape Onman was 16.4/km2, which 
gave an abundance estimate in that area of 23 ,000 animals. Because 
most animals seen were in the water, these estimates probably were 
conservatively biased. The area of heavy ice west of Cape Billings 
was not surveyed; there was no ice along the coast southeast of 
Kolyuchin Bay, and walruses were not sighted in the water in that 
area. 
The weather turned very cold in mid-September, and we expected 
this to speed up ice formation in the Chukchi Sea, forcing the 
walruses to migrate southeastward and to occupy shore hauling 
grounds earlier than usual. However, a storm passed over the Chuk-
chi Peninsula in late September breaking up the eastern edge of the 
pack ice and driving the ice front 93 to 185 km westward, about to 
the longitude of Cape Schmidt. On 5 and 6 October, walruses were 
observed in the pack ice 9 to IS km north of Cape Schmidt , but the 
general distributional pattern along the northern coast was un-
changed from that observed in September. We estimated 26,000 
walruses in the ice, about 20,000 of which were concentrated in two 
areas totaling 480 km 2• 
We estimated walrus abundance in the Soviet sector from data 
obtained from the Chukchi Sea on 5 and 6 October and from the 
Bering Sea on 18 and 21 September, because the highest counts were 
obtained on those days . Those data provided ar. '~stimate of 128 ,000 
to 130,000 walruses west of the International Date Line (Table 5). 
'GoI'L,ev, Y. N. 1972. Distribution and assessment of numbers of the Pacific 
walrus in the autumn of 1970 . Abstracts 5th all-union conL stud . marine mammals 
1:25·28. Mak.hachkala . 
9y' Y. Zimush.ko , Fisheries Biologist, Pacific Research Institute of FlsheTics and 
Oceanography, Nagaevskaya 51 , Magadan 685013, pers. commun. August 1975. 
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Table S.-Summary of numbers of walruses on coastal bauliDg grounds and on 
tbe ice in the Soviet sector, based on aerial surveys in 1975. 
Number of 
Location Date lime of day walruses 
On coastal hauling grounds 
John the Baptist Island 4 Oct. 1313 220 
Meechken Spit 18 Sept. 1007 8,242 
Rudder Spit 21 Sept. 1533 445 
Nunyangan Island 21 Sept. 1412 19,977 
Arak.amchechen Island 21 Sept. 1400 41 ,882 
Big Diomede Island 21 Sept. 1142 4.228 
Naukan 21 Sept. 1132 2.144 
lnchoun 5 Oct. 1245 7 .742 
Cape Serdtse Kamen 5 Oct. 1315 11.972 
On ice Hoes 
Cape Billings to 
Kolyuchin Island 5·6 Oct. 26.600 
In water 
Mechigmen Bay 21 Sept. 1350 5.500 
Cape Dezhnev to 
Cape Serdtse Kamen 5 Oct. 1235·1315 1.500 
Grand total 130,452 
Combined with results obtained in the U.S. sector, a total popula-
tion of roughly 140,000 to 200,000 walruses was estimated. 
DISCUSSION 
Pacific walruses have been exploited in rather large numbers in 
the past by both the United States and the Soviet Union. There is still 
a substantial take in both countries. Furthermore, walrus habitat 
may be affected eventually by commercial developments, such as 
hydraulic dredging for bivalve mollusks and petroleum extraction 
from the continental shelf. Although the effects of those activities 
are uncertain, they could act to the detriment of the walrus popula-
tion. In view of those potential difficulties, a reliable means of 
censusing the walrus population is of considerable importance to 
both the United States and the Soviet Union. 
Aerial surveys provide information on the abundance and dis-
tribution of the population. The reI iability of estimates of those two 
parameters is affected by both precision and bias in the surveys. The 
relative importance of precision and bias in estimates of abundance 
and distribution is quite different for walruses on coastal hauling 
grounds than for walruses in the pack ice. 
The difficulties encountered in censusing walruses in the pack ice 
have been discu~sed in detail by Estes and Gilbert (1978) ; we 
present only a summary of that discussion here . The major problems 
in interpreting the survey data are that an unknown fraction of the 
population is visible at any given time, and the animals tend to 
congregate in several spatial scales. These sources of bias and 
imprecision cannot be separated . The number of walruses hauled 
out on the pack ice probably changes considerably with time, but we 
cannot determine with certainty that this was the cause of the high 
variation among days for the population estimates in the ice edge. 
Although the population estimate probably is conservative, it must 
be based on the pooled data from all days in which the survey was 
carried oul. Because the coefficient of variation of the estimates 
ranged from 0 .26 to 0 .99, however. the lower bounds of 95% 
confidence limits around the estimates were between 0 and about 
50% of the mean . The unfortunate result of this situation is that no 
estimate of the walrus population in the pack ice can be defended on 
scientific grounds much beyond the maximum actually counted . 
For walruses on shore, censusing is somewhat less problematic 
because large numbers of animals can be counted directly. The 
prtmary requirement is to obtain the counts when the greatest 
numbers of walruses are hauled out. Since no estimates are made, 
sampling variation is not a problem. The major unanswered ques-
tions concerni ng the reI iabi lity of these counts are: I) What fraction 
of the total number of walruses in the area were on shore at the time 
of the survey; 2) to what extent do walruses move between haul out 
areas in the time between surveys of separate areas; and 3) how 
many walruses were outside the surveyed areas? We doubt that the 
answer to the third question would have had any significant influ-
ence on our estimates because the walruses sighted were well within 
the boundaries of the areas surveyed. Also. the historical records of 
distribution of walruses in September-October show similar spatial 
distribution. If large numbers of animals ever occurred outside the 
areas surveyed, they probably would have been recorded in the 
historical data. The extent to which walruses moved between haul-
ing areas, however, is unknown. Animals observed at Meechkin 
Spit on 18 September and at Inchoun and Cape Serdtse Kamen on 5 
October could have been at one of the other hauling areas counted 
on 21 September, in which case they could have been counted twice. 
In view of the short distance between Inchoun and Cape Serdtse 
Kamen, the possibility that animals moved from one to the other 
during the time of the survey cannot be discounted. Also unknown 
is the fraction of walruses in a given area that is likely to be on shore 
at any particular time. Recent studies of walrus activity and behav-
ior at Round Island in Bristol Bay have shown that the number of 
walruses on shore varies over about IO-d intervals by more than an 
order of magnitude; greatest numbers usually tend to be on shore for 
less than a day (Taggart and Zabel footnote 3). The proportion of 
walruses in the area which haul out on Round Island during this peak 
period remains unknown, but preliminary data from a small number 
of animals instrumented with radio transmitters indicate that it is 
less than unity (Taggart and Zabel footnote 3). These observations 
suggest that direct counts of walruses on shore are biased low, to an 
extent which probably varies from day to day. 
In summary, the numbers of walruses sighted, both on the pack 
ice and on the shore, underrepresent to an unknown extent the 
numbers actually present in those areas. In the pack ice, this is 
compl icated further by highly imprecise estimates of the numbers in 
the areas not surveyed. As a result, the only reI iable numbers are of 
the animals actually counted; the statistical confidence in larger 
estimates of the popuiation is extremely low. The true number of 
walruses must be greater than the number seen, but the magnitude of 
the difference remains unknown. 
Interpretation of recent changes in the range of Pacific walruses 
presents similar difficulties, mainly due to year-to-year variation in 
the distribution of pack ice and the opportunistic manner in which 
most observations are made. In 1975, walruses were observed in 
Listvenichnyi Bay, Kamchatka. Small groups were seen also in 
Karaginskii Gulf, as well as on Verkhoturov Island, near the Com-
mander Islands, and in the Okhotsk Sea. Also, several hauling 
grounds in the Bering Strait region which had not been occupied by 
walruses for many years were reoccupied. Although these observa-
tions suggest an increasing range of the population, they are com-
plicated by the fact that the pack ice during the summer of 1975 
remained unusually far south. In the southeastern Bering Sea, 
occasional walruses have been observed recently near coastal areas 
and at the mouths of major rivers in eastern Bristol Bay where they 
had not been reported previously. These observations might be 
interpreted as evidence of an expanding range but also could be 
ascribed to increased numbers of observers in those areas. 
Despite those uncertainties, most available evidence suggests 
that the Pacific walrus population has increased over the past several 
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decades (Table 6). Fay (1957) and Nikulin (in Fedoseev 1962) 
estimated that the number of walruses had declined to an all-time 
low of about 40,000-50,000 by the mid- to late 1950's. Various 
estimates by Fedoseev (1962), Kenyon (footnotes 5, 7), Burns 
(footnote 4). and Gol'tsev (footnote 8) suggested that the numbers 
increased subsequently. Although not much confidence can be 
placed in any of those numbers, the trend of increase probably is 
significant. We point out, however, that this conclusion is based 
largely on intuition, and we urge that it be used with caution. 
Future research must addre~s the question of walrus activity 
rhythms and movements, both at the level of the individual and the 
population. Such information would be useful for interpreting pos-
sible exchange of individuals among groups, and for estimation of 
the fraction of walruses that can be seen and counted at any particu-
lar time. Until studies of this sort are completed, reliable assessment 
of the actual abundance of the Pacific walrus population will remain 
an illusive goal. 
Tabte 6.-Summary of population estimates of Pacific 
walruses from surveys during the past two decades. 
Populalion eSlimale 
Year (Ihousands) 
1950's 40·50 
1960 50 
1960 78·113 
1965 90 
1970 101 
1972 85·162 
1975 140-200 
I See lexl foolnole 5. 
'See lex I foolnole 4. 
'See lexl foolnOle 8. 
4See lexl foolnole 7. 
Source 
Fay 1957 
Fedoseev 1%2 
Kenyon 19601 
Burns 1965' 
Gol'lsev 19723 
Kenyon 19724 
This reporl 
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An Analysis of a Hypothetical Population of Walruses 
DOUGLAS P. DeMASTER 1 
ABSTRACT 
A series of computer simulations of the Pacific walrus population, using a variable Leslie model, were 
conducted primarily to test the hypothesis that the population increased from about 70,000 in 1955 to about 
200,000 in 1975 and, secondarily, to evaluate the reliability 01 the data available on adult survival rates. 
Published estimates of the population size, tbe sex ratio of adults, age at sexual maturity, average reproductive 
rate, adult mortality, and size and sex/age composition oftbe annual barvests were incorporated into tbe model. 
The results suggested that, either the estimates of size of the 1955 population were too low, or that the survival 
rates of adults were significantly higher t:'an believed. They suggested further that an increase to 200,000 in 20 
yr would have been possible, if the- initial population in 1955 had been made up of about 94,000 to 98,000 
animals, the sex ratio of adults was 1 male:3 females, and the adult survival was 0.96, with nonlinear density 
dependence. Such an increase would have been impossible with linear density dependent functions, smaller 
initial population size, or lower adult survival rates. The maximum sustained yield (MSY) of the bypothetical 
. population, assuming continuation of the current harvest composition at 3 males:1 female, would be between 3 
and 5% and should be available when the population is between 59 and 91 % of the carrying capacity (K), 
assuming environmental stability. The maximum net productivity (MNP) of this hypothetical population was 
estimated to be attained at 50 to 84% of K. 
PE310ME 
MO)leSlHpOBaIlHC 118 Cl.feTito-pewafO~eM YCTPOHCTOC 6b1ITO npOHJOe)leIlO c nOMOllJ,b1O <mepeMeHHoH MO,£J.eJTH 
JIecllH»), rJlaOllblM 06paJOM, 1"lTo6bl nposepHTb rH"OTe3Y 06 yocnel.feu"" 4HcneHHOCTH THXOOKeaHCKoro Mopma 
npH6JlH]HTeJlbHO C 70,000 8 1955 r. AO 200,000 rOJlOB B 1975 r., a Ta.""e ouellHTb HaAelKHOCTb HMe'OIl\HXCH 
,Il8HHblX 0 cnoco6HoCTH BblIKH08HHH BJpOCJlblX 30epeH. Ony6JlHKOB8Hllble )l,8Hllble no OL\eHKe OenH'-IHHbl 
nonYJlAu,"", nonoBoMY COOTIIQWeliHIO B1POCJlbIX, B03pacry nOl1ooor'o cOlpeBaHHA, cpe)1.JteMY TeMny 
BocnpoH1Bo)J.cTBa, CMCPTHOCT" BJpOCJlLIX, OOJpaCTHoMY cocTaRY " elKero,[UloH ,U06LILIH HCnOnbJOB8n"Cb B 
Mo,neJlH. PeJYJlLTaTbl Jl.aIOT OCHOBaHHe npe)l,nOnaraTb, LITO BeJ1HIltHHa nonYJlAU,"H B 1955 r. 6bma CSI"WKOM 
ItHJNO" liJl" TeMn BLI)KHBaHHA BJpOCnblX 6b1n ropaJ,Uo Bblwe, 'IeM ')TO C1.fHTanOCb paHce. KPOMC Toro, 
pelynLTaTbI nOJOOJ1AH)T npeJl,nOJlOraTb, ~TO YBCJ1w"leHHe ,no 200,000 ronOB B Te1.JeHHe 20 JleT fiLIJlO OM 
BOJMO)KlIbIM, eCII" nonYJlAllH1i B 1955 r. COCTaOJlAJ1a 94 - 98,000 r0J100, nOJlOBOC COOTHOWe""e 81POCJ1bIX ] caMeU,: 
3 caMKH 11 BbliKHoaHHe BlpocnblX - 960/0 C HeJ1HHeHIIOH nJlOntOCTblO JaBHCHMOCTH. TaKoe yoenH1.feHHe 6b1J1o 6bl 
He803MOiKHblM C nHIICHHOH nJlOTHOCTblO J8BHCHMOCTH, MeHbweH nepOOHaLlaJ1bHOH Oe.rlH1.fHOH nonYJlAU,"H, Hn" 
"H3K'HM 8bliKHBaHHeM OJpOCJlbIX. MSKCHManbllaR e)KerO..QHaH )106b1Lla rHnOTeTH1.feCKOH nonYJlHUHH, np" 
COXpaHell"H B Jl,06b1'-1e COOTIIOWCIIHR I C8MKa: 3 caMu.a, 6y,neT COCTaBJlATb 3 - 50/0. TaKO" ypooeHb Jl.06b1'-tH 
80]MOlKell, eCJlH npH MaKCHMaJlbHOH nJlOTHOCTH caMoperYJlHpYlOll\eiicH nonYJlHUHH [K = 59 - 91%] H 
CTaOHJlbHOCTH lKOCHCTeMbI. ClJHTaeM, 'ITO MaKCHMaJlhHOe '-IHCTOC npOHJOo,nCTBO lToro rHnOTeTWleCKoro 
lIaCeJleHHH AOCTHraeTCH npH 50 - 84% K. 
no oU,eHKC 3BTopa MaKCHMaJlbHaH LlHCTaA npo,nYKTHBHOCTb Jl,aHHOH rHnOTeTH1.feCKOH nonYJlHu,H" MOJKCT 
6bITb AOCTHrHYTa npH K = 50 - 84% 
INTRODUCTION 
In the late 1950's, the size of the Pacific walrus, Odobenus 
rosmarus divergens, population was considered to have been be-
tween 40,000 and 70,000 animals (Fay 1957; Kenyon 1960;2 
Fedoseev 1962). Nevertheless, Kenyon (foolnote 2) felt that the 
actual population size in the late 1950's may have been higher than 
70,000. Estes (1976),3 Estes and Gilbert (1978), and Estes and 
Gol'tsev (1984) supported Kenyon's judgement with evidence that 
'National Fish and Wildlife Laboratories, U.S. Fish and Wildlife Service, An· 
chorage, Alaska; present address: Southwest Fisheries Center La Jolla Laboratory, 
National Marine Fisheries Service, NOAA, La Jolla, CA 92038, USA. 
'Kenyon, K. W. 1960. Aerial surveys of marine mammals in the Bering Sea, 23 
February .02 March 1960 and 25·28 April 1960. Unpubl. rep., 39 p. U.S. Bur. Sport 
Fish. Wildl., Seattle, WA 98115. 
'Estes, J. A. 1976. The reliability of aerial surveys to estimate population 
abundance of marine mammals. Consideration from a survey of Pacific walrus. 
Scientific Consultants on Marine Mammals, Bergen, Norway. 31 August·September 
1976. [FAO] Advis. Comm. Mar. Resour. Res. ACMRR/80, 13 p. 
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Fay and Fedoseev had undereslimated the number of walruses in the 
American sector of the Chukchi Sea. More recent eSlimates of the 
Pacific walrus population have placed it at 140,000 to 200,000 
(Estes and Gol'tsev 1984) and 168,000 to 250,000 individuals 
(Krogman et al. 19784 ). Estes and Gilbert (1978) concluded that 
estimates produced from limited aerial surveys should not be con-
sidered reI iab1e. 
Perhaps the best quantitative information available concerning 
the Pacific walrus population is contained in the American and 
Soviet harvest data from 1959 to 1975 (Harbo 1961;5 Burns 19656 
"Krogman, B. D., H. W. Braham, R. M. Sonntag, and R. G. Punsly. 1978. Early 
spring distribution, density, and abundance of the Pacific walrus (OdobenU5 1'05, 
marus) in 1976. Final report R.U. 14,47 p. Outer Continental Shelf Environmental 
Assessment Program, NOAA Environ. Res. Lab., Boulder, Colo. 
'Harbo, S. J., Jr. 1961. Walrus harvest and utilization. Annual project segment 
report, Federal Aid in Wildlife Restoration. Alaska Dep. Fish Game, Juneau. 25 p. 
'Burns, J. J. 1965. The walrus in Alaska, its ecology and management. Alaska 
Dcp. Fish Game, Juneau, 48 p. 
and unpubl. data; Krylov 1968; F. H. Fay7). These data include the 
retrieved kill and estimated losses from wounding and sinking; for 
the American harvest, they also include the sex ratio of adults and 
the number of cal ves taken. Studies of the reproductive organs from 
the harvested animals have produced estimates of age-specific rates 
of fecundity (Fay 1960;8 Burns footnote 6; Krylov 1968), but these 
estimates generally have not been accepted due to suspected sam-
pling bias in the harvests and in the assumptions of the estimation 
process. 
To date, then, "relatively~ reliable information exists on the size 
and sex/age composition of the Alaskan walrus harvests from 1955 
to 1975, and on the age-specific rates of reproduction. Only the total 
harvests are known from the Soviet side. The estimates of popula-
tion size in 1955 to 1975 are questionable, and the estimated rates of 
natural mortality appear to be unreliable. Nevertheless, these were 
the best figures available and of sufficient quality for use in a 
preliminary computer model of the Pacific walrus population. 
The primary purpose of integrating the existing estimates of 
population parameters into the format of a computer model was to 
test the hypothesis that the Pacific walrus population could have 
increased in size from 70,000 to 200,000 animals in the 20 yr from 
1955 to 1975. Such a model can be used also to estimate unknown 
parameters, when all others are fixed, and to assess the reliability of 
any that are in question. In addition, the interrelationships between 
the various parameters can be examined, and a better understanding 
can be gained of the relative importance of each to the population. 
METHODS 
The population model used in this instance was a modification of 
Leslie's (1945) model, as described by DeMaster (1981); similar 
models were described by Fowler and Smith (1973) and by Fowler 
and Barmore (1977).9 The model assumes that the influence of 
density dependence on the life history parameters will be within the 
range of the following two types of functions: 
Pi = A - cNx (linear) 
Pi = A (l-exp [-b (k-Nx )]) (nonlinear) 
where Pi =. annual survival of the ith age class 
A maximum annual survivorship 
Nx = number of females 4 yr old and older 
k = maximum number of females 4 yr old and older 
b = constant associated with the shape of the curve 
c = constant associated with the slope of the curve. 
The initial values for the projection matrix (Tables I, 2) were 
derived from the American and Soviet data. Only the female seg-
ment of the population was incorporated into the model; the seA 
ratio was assumed to be constant at I male:3 females (Fay 1982). 
The initial population vector was calculated by solving the follow-
ing equation for No, the number of female calves in the initial 
population: 
7F. H. Fay, Associate Professor, Institute of Marine Science, University of Alaska. 
Fairbanks, AI< 99701, pers. commun. October 1979. 
'Fay, F. H. 1960. Investigations of the Pacific walrus. Terminal report, Project2b. 
Arctic Institule of Nr,rth America, Montreal, Canada, n p. 
"Fowler, C W., and W 1. Barmore. 1977. A population model of the northern 
Yellowstone ~Ik herd. In R. M. Linn (editor), Proceedmgs FirSI Conference on 
Scientific Research ,n the National Parks, New Orleans, Louisiana. November 9-1" 
1976. Vol. I, p. 427-434. 
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Table I.-Parameters used in the popula-
tion models, where m;r is the age specific 
reproductive rate, and P;r is the age specific 
survivorship. 
Age m;r Px Age m;r Px 
0 0 0.94 20 0.22 0.96 
I 0 .90 21 .22 .96 
2 0 .94 22 .22 .96 
3 0 .96 23 .22 .96 
4 0 '.96 24 .22 .96 
5 0.10 .96 25 .15 .96 
6 .12 .96 26 .15 .96 
7 .17 .96 27 .15 .96 
8 .22 .96 28 .15 .96 
9 .22 .96 29 .15 .96 
10 .22 .96 30 .15 .96 
II .22 .96 31 .15 .96 
12 .22 .96 32 .15 .96 
13 .22 .96 33 .15 .96 
14 .22 .96 34 .15 .96 
15 .22 .96 35 .15 .96 
16 .22 .96 36 .15 .96 
17 .22 .96 37 .15 .96 
18 .22 .96 38 .15 .96 
19 .22 .96 39 .15 .96 
'Survival from age 4 and older assumed to 
be density dependent. All other parameters 
are assumed constant. 
Table 2.-Assumed parameters for estimation 
of adult survival necessary for the population 
to increase from 70,000 to 200,000 in 20 yr. 
Parameter 1955 
Female population 52,500 
Total population 70,000 
Sex ratio leU9 
Female kill 1,675 
Total kill 6,700 
Sex ratio of ki II 19:30 
P = NO + .94NO + (.94)(.90)No 
36 
1975 
150,000 
200,000 
10:39 
1,675 
6,700 
19:30 
+ (.94)2(.90)No + 2:(.94)2(.90)(.96f 
x=1 
where P = 52,500, the number of females in a population of70,000 
walruses. Subsequent age classes were calculated by using the 
age-specific survival rates from Table I. 
The number of females 4 yr old and older (k) in the maximal 
population of about 200,000 walruses (Fay 1957) was assumed to be 
150,000. The constant b was arbitrarily set at 0.002, which repre-
sents a relatively rapid change in the shape of the nonlinear function 
(Eberhardt and Siniff 1977). The constant c was set at 0.0000007, 
which was calculated directly from the nonlinear model as the slope 
between the two points described by the survivorship and the popu-
lation at equilibrium, given an initial survivorship of 0.96 at a 
population level of 0 (DeMaster 1981). In this way, the simulations 
with linear and with nonlinear density dependence had the same 
equilibrium population. 
The population model assumed that only animals 4 yr old and 
older were harvested. The harvest of a particular age class was 
weighted in proportion to the frequency of occurrence of that age 
class in the harvest data. Compensatory and additive harvests were 
represented by the following equations (DeMaster 1981): 
harvest mortality additive: 
X (i+l) = L[X (i)-H (i)], 
harvest mortality compensated for: 
X (i+l) = L[X (i)-H (i)], 
where x (i) = the population vector at time i 
L the projection matrix 
H (i) = the harvest vector. 
Using this model, a series of simulations was computed in which 
the maximum annual survivorship (A) was increased in each simu-
lation until the population model produced the desired final size. 
The total kill of females was assumed to be constant over the 20-yr 
period. The average kill was derived from known harvest data . 
RESULTS 
The hypothetical population , given a nonlinear density depen-
dent function, increased from 70 ,000 to 200,000 in 20 yr only when 
A, the annual survivorship , was set to equal 0.99 . This value of A 
was necessary whether or not the harvest mortality was compensa-
tory. The simulated popUlation, given a linear density dependent 
function, could not increase from 70,000 to 200 ,000 in 20 yr, even 
when A was set at 1.00. 
Because the natural rate of adult survival probably could not have 
been as high as 0.99 to 1.00, one must assume that some other 
component of the model is incorrect. For the reasons given by Estes 
and Gilbert (1978), the most questionable component is the initial 
size of the population. Given the entries for the projection matrix 
from Tables I and 2 (excluding initial population size) , nonlinear 
density dependence, and a harvest mortality that was additive, the 
initial population of females would have had to have been 73,828 
(total population 97,828) to have produced the hypothetical final 
population of 200,000 in 20 yr. If the harvest mortality was assumed 
not to be additive, an initial population of 70 ,645 females (total 
population 94,194) would have been necessary for the increase to 
200 ,000. If the form of the dtnsity dependent function was assumed 
to be tinear, initial populations even of these sizes could not have 
reached 200 ,000 in 20 yr, given an adult female harvest of I ,675/yr. 
In the United States , the Marine Mammal Protection Act of 1972 
lMMPA) dictates that marine mammals should be managed at the 
level of " optimum sustainable population" (OSP) . The concept of 
OSP is interpreted to mean that the population should remain 
between an upper level imposed by environmental constraints 
(commonly called K) and a lower level at which the population 
would produce the greatest annual increment (maximum net pro-
ductivity = MNP) if the population were not being harvested . To 
estimate this lower level directly from a population that is being 
harvested is impossible, but it can be estimated through modeling . 
Given the age specific rates of births and deaths in Table I and the 
nonlinear density dependent function previously described, the 
MNP of the simulated population would occur at 84% of K, the 
equilibrium population Cfable 3). For simulations with linear den-
sity dependence, the MNP would occur at 50% of K. If we assume 
that the real MNP is within the range of these two forms of density 
dependence, the lowest level of the population that would be accept-
able under the MMPA would be between 50 and 84% of K. 
Current information on the Pacific walrus population suggests 
tha t it has increased dramatically since 1955. Within the guidelines 
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Table 3.-Comparative dynamic cbaracters of walrus population models with 
linear and nonlinear density dependence. 
Character 
Maximum net productivity 
(MNP) 
MSY (no compensation) 
Population at MSY nc 
MSY (compensation) 
Population at MSY c 
Density dependence 
Linear 
50% of K 
2,100 adult fem ales 
59% of K 
2,200 adult females 
59% of K 
Nonlinear 
840/0 of K 
6.800 adult females 
86% of K 
7,400 adult females 
9t % of K 
of the MMPA, the population could conceivably be managed 
somewhere between K and the MNP levels . As a starting point, the 
maximum sustainable yield (MSY) of a specific segment of the 
population can be estimated , but only if various age and sex specific 
life history parameters are known. In addition , how these parame-
ters respond to changes in density must be known . Even then, the 
estimated MSY is only reliable if the environment is rela tively 
constant. To estimate the MSY of adult female walruses. a series of 
simulations were computed. in which the harvest was continually 
increased, until the population no longer could sustain it (DeMaster 
1981) . Using the life history parameters of Table I and a nonlinear 
form of density dependence, the MSY of adult females (females 4 yr 
and older) would be 5.1 % of the total population of females, and 
would occur at 91 % of K (Table 3). If the density dependent function 
was assumed to be linear, the MSY of adult females would be 2.3% , 
and would occur at 59% of K. Obviously, we do not know the proper 
form of the density dependent function, but these results suggest 
that an adult female harvest of 2 to 5% could be sustained, and 
presumably would result in the population reaching an equilibrium 
when it was between 59 and 91 % of K. 
DISCUSSION 
The exact details of the recovery of the Pacific walrus population 
are not known, but at lea~t a partial recovery has taken place (Burns 
footnote 6; Fay footnote 8; E~tes and Gilbert 1978; Estes and 
Gol'tsev 1984). This recovery has occurred in spite of a continual 
harvest of adults. The average growth rate necessary for a popula-
tion to double in 20 yr is 1.035 , and to triple in 20 yr is 1.056 . Such 
rates of growth are common for many species of marine mammals 
(Eberhardt and Siniff 1977). but seem somewhat improbable in this 
instance. considering the low productivity and ongoing harvest of 
Pacific walruses. 
The purpose of this paper was to produce a model that would 
incorporate the existing data and shed some light on the reliability 
of the estimate of population size in 1955 and the estimated rate of 
annual mortality. The results from the various simulations suggest 
that, either the natural rate of adult mortal ity is extremely low 
relative to other pinnipeds (Eberhardt and Siniff 1977), or that the 
population estimate for 1955 was too low. 
The model described in this paper was based on numerous as-
sumptions for which substantive data are few and, in some cases, 
questionable. In all of the simulations, I assumed that the sex ratio 
of the adult population remained constant at I male:3 females, based 
on Fay 's (1982) derivations from shipboard visual and aerial photo-
graphic surveys of the Pacific walrus population. Further informa-
tion on herd composition and how it varies throughout the year is 
needed for improvement of the estimate of adult sex ratio . Si mu la-
tions in which the sex ratio is assumed to be 1:2 and l:l also should 
be computed . The effect of these would be to increase the difference 
between the estimated and required population in 1955 , given the 
life history values of Table I. Increasing this difference will only 
strengthen the argument that either the 1955 population estimate 
was too low or that estimates of adult survival were too low. Second, 
I have assumed that the environment of the walrus remained rela-
tively constant. Although human perturbation (other than hunting) 
probably has been minimal over the past 20 yr, natural perturbations 
may have occurred and not been recognized. 
In all of the simulations where a harvest took place, I assumed 
that the sex ratio of the harvest was 3 males: I female, and that a 
constant number was taken each year. Data concerning the sex ratio 
of the harvest supports a 1:3 ratio (Burns footnote 6; Fay footnote 8). 
but the numbers taken were not constant; rather, they declined from 
about 9,000 in 1955 to about 3,000 in 1969, and have been rising 
slowly since then to about 7,000. The effects of these changes on the 
population probably were insignificant, if the initial harvests were 
low enough to allow the population to increase (which, apparently, 
it did). 
Data on the kinds of density dependent factors influencing this 
population were not available at this writing. Simulations which 
incorporate density dependent reproduction or calf survival should 
be computed. 
Evidence from Weddell seals, Leptonyclwtes weddelli, suggests 
that reproduction may be relatively unaffected by changes in den-
sity, because the time of reproduction does not coincide with the 
seasonal onset of poor feeding conditions (DeMaster 1981), and this 
may be the case for walruses as well. One could assume that all 
independent walruses will be affected equally by food shortages, 
and that younger individuals will not be more disadvantaged than 
the older ones in obtaining food. The advantages usually invoked 
for older pinnipeds, such as greater experience with the area, better 
diving capabilities, and outright dominance, may not apply under 
conditions where all feeding is done in relatively shallow waters, 
the distribution of the ice dictates which areas can be util ized, and a 
major portion of the adult males may not be feeding in the same 
areas where the subadults and adult females feed. Obviously more 
information is needed on these points. 
Throughout this paper, a distinction has been made between 
natural mortality and mortality due to harvests. One problem that 
arises in estimating mortality rates from age composition of the 
harvest is that mortality from both sources is combined. Further-
more, estimates of mortality derived from samples of populations 
that are growing will be biased upward (Payne 1977). Burns (foot-
note 6) suggested that adult male mortality was about 13%/yr, based 
on the age fecundity from the harvest. If the Pacific walrus popula-
tion was growing at about 5%/yr, the estimate of survival from age 
composition will be negatively biased (Payne 1977). When cor-
rected as: 
S = e(ln .87 + In 1.050) = .91 
where S = annual survivorship, the better estimate for adult male 
mortality would be 9%/yr. Again, this includes both natural and 
hunting mortality. If the Pacific walrus is polygynous (Fay et al. 
1984), and the harvest of males is greater than that of females, the 
rate of natural mortality for adult females should be less than the 
total mortality for adult males, rather than greater as indicated by 
Burns (footnote 6). Therefore, the male mortality rate of 13% (Burns 
footnote 6) should exceed the maximum for adult females, the actual 
rate probably being much lower. 
All of the simulations in which the population increased as 
RO 
rapidly as hypothesized (3 to 5%/yr) required that natural adult 
survivorship be above 95%, given the known level of harvest. The 
model suggests that the Pacific walrus population was theoretically 
capable of increasing from 70,000 to 200,000 in 20 yr, but to have 
done so, the sex ratio of the population would have had to have been 
strongly weighted to females . Information on the current sexual 
composition of the population would, therefore, be extremely use-
ful for better understanding of the population dynamics of this 
species. 
Finally, the model ~uggests that the MNP of a population varies 
considerably with the type of density dependence that is operative. 
This has been demonstrated also for MSY values (DeMaster 1981). 
MNP values for marine mammals commonly are assumed to lie 
between 50 and 60% of K. More realistic estimates of MNP will 
require information on Ihe age at which density related changes take 
place in life history parameters, and on the form of the relationship 
between life history parameters and density of the population. 
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Foods of the Pacific Walrus in Winter and 
Spring in the Bering Sea 
FRANCIS H. FAY,! YURI A. BUKHllYAROV,2 SAMUEL W. STOKER,! and 
LARRY M. SHULTSl 
ABSTRACT 
Part of the information required for effective multispecies management of the marine resources of the 
Bering Sea is a documentation of the feeding babits of the pinnipeds residing there. In tbls report, new data on 
the foods of walruses in their wintering areas and along a major spring migration route through Bering Strait 
are summarized. These data were acquired during several researcb cruises and shore-based studies from 1970 to 
1976. In general, the findings from those studies indicate a primary reliance of the walruses in all areas on a few 
genera of bivalve mollusks, namely Serripes, Mya, and Hiate/Ia, with significant but lesser reliance on other 
bivalves, priapulids, polycbaetes, snails, molting brachyuran crabs, and holothureans. In areas where both 
male and female walruses were sampled, the adult males tended to eat organisms wbich were about six times as 
large as those taken by the adult females, suggesting that tbe sexes are selectively partitioning food supplies in 
those areas. The need for further quantitative information on the feeding habits of the walruses in their primary 
wintering areas, and on the benthic faunas of those areas, is emphasized. 
PE310ME 
.lI.JHI 14J4>eKTHBHoro ynpaOJleHHH KOMnJ1eKCOM MOPCKHX pecypcoB 6epHHroB8 MOPJI "Y)I(Hbl Jl.aHHble 0 
nUTaHHH J1aCTOHorHX, o6HT8lOmHX B )TOM perHoHe. B )J.OKn8Jl.e H1JlaralOTCH "ORiole )J,8HHble 0 ""TSHH" Mopmeli 
B lHMHHX paHoHax OOHTS.IIHR " Ha OCHOBHblX nyTRx ReCeHe" MHrpaQ"". MaTepH8Jl nOJlYlieH 80 BpeMH 
HeCKOSlltKHX HSy .... HbIX peliCOB H 6eperOBbiX HCCJle,ll,088HH" C 1970 )1.0 1976 r. B 0(H08110M, nOJlY"'IeHHble CBeJl,eHHH 
YK'aJbIB8IOT, LITO MOplKH 80 Heex paHOHax HCnOJlblYIOT He6oJlblUOe "IHCJlO P0Jl,OB Jl,0YCTBOpqaTbiX M011JlIOCKOB, 
KOHKpCTHoSerripes, Mya, Hiatella" B MeHbweit aeneHH npHanYJlHJl" MHorow.eTHHKOObIX "IepOeH, 6plOXOIIorHX 
MOJIJnOCKOB, JlHHRIOLUHX Jl,eCATHHorHX Kpat'ioB, rOJlOTYPHii. B paHOH8X, "3 KOTOPblX nOJlY"ICHbi CaMLl.bl "CaMK" 
MopiKeit, U3pOCJlble caMUbl npORMAJlH TeHJl,eHll.HIO nHTaTbcR opraHHlMaMH B meCTb pal 60JlbWHMH no 
uenH4HHe, 4eM oprSUH3Mbl, K'OTOPbIMH nHTaJlHCb Blpocnbie caMK'H. 3TOT ~aKT .AaeT OCHooallHC npe)l,nOnarSTb, 
'-ITO 06a nOJla CeJleKTHBHO HCnOJlb3YlOT nHLUeBble lsnaCbl B )THX paiioH8x. 
nO.A"IepKHB8eTcA lte06XO)l,HMOCTh npOJl,OJJ)KeHHA C60p08 no mHaHHlO MOp)Keit B OCHOBHblX paHoH8x 
3"MItCro OOHT811HR " IBy"lCIIHR 6eHTociloH ~ayHbI 8 )THX paiiollax. 
INTRODUCTION 
To the common knowledge that walruses, Odobenus rosmarus 
(L.), feed principally on bivalve mollusks, Chapskii (1936), Niku-
lin (1941), Vibe (1950), Brooks (1954), Krylov (1971), and Fay et al. 
(1977)3 have contributed a substantial amount of specific informa-
tion on the kinds and quantities of prey that walruses eat. As a 
whole, those findings indicated that the quality of the walrus' diet 
varies seasonally and geographically, and that it is made up of more 
than 60 different kinds of benthic organisms. 
The need for further quantitative information on the feeding 
habits of walruses and other pinnipeds of the Bering Sea has become 
increasingly apparent in recent years. In order to facilitate mUltiple 
resource management, detailed knowledge of the interrelationships 
and interdependencies among the major components of the system 
is required. For a sea of its size, the Bering Sea is one of the richest 
in the world, as shown by its highly productive fisheries and large 
marine mammal populations. 
'Institute of Marine Science, University of Alaska, Fairbanks, AK 99701, USA. 
'Magadan Branch, Pacific Research Institute of Fisheries and Oceanography 
(MoTINRO), Nagaevskaya 51, Magadan 685013, USSR. 
'Fay. F. H., H. M. Feder, and S. W. Stoker. 1977. An estimation of the impact of 
the Pacific walrus popul"tion on its food resources in the Bering Sea. U.S. Mar. 
Mammal Comm, Wash., D.C., 38 p. 
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The information presented in this report is a contribution to the 
data base concerning the food web of the Bering Sea. It consists of 
new qualitative and quantitative data on the feeding habits of a 
major component of that system, the Pacific walrus population. 
Walruses are dependent on the benthic resources of the region, 
principally during the winter and spring of each year. This informa-
tion was acquired by American and Soviet biologists during the 
course of five scientific expeditions: I) The oceanographic cruise of 
the US Coast Guard Cutter (CGC) Northwind in the northern and 
eastern Bering Sea in January-February 1970; 2) the marine mam-
mal research cruise of the CGC Glacier in the north-central Bering 
Sea in March-April 1971; 3) the oceanographic-marine mammal 
cruise of the CGC Burton Island in the north-central Bering Sea in 
February-March 1972; 4) the Alaskan walrus harvest monitoring 
program in northern Bering Sea-Bering Strait during April-June 
1974-76; and 5) the joint Soviet-American marine mammal research 
cruise of the ZRS Zagoriany in the southeastern Bering Sea in 
March-May 1976. The largest samples were obtained during the last 
two of those endeavors. 
METHODS 
The kinds and quantities of prey eaten by walruses were deter-
mined mainly from examination of stomach contents of animals 
taken at sea. Some of those specimens were obtained for scientific 
purposes, during the Northwind and Zagoriany expeditions; the rest 
were taken by Alaskan Eskimos during the spring walrus harvests of 
1974-76. The localities in which the samples were obtained are 
shown in Figure I. 
For each animal, the date, location, sex, and age were recorded. 
Age was determined from counts of cementum layers in thin, 
longitudinal sections of the postcanine teeth, as described by Mans-
field (1958) and Krylov (1965). 
Whenever possible, the entire contents of the stomach were 
examined in detail. All intact prey were sorted into taxonomic 
groups, each group weighed to the nearest whole gram, and the 
number of individuals counted. Since the specific gravity of the 
food items was essentially the same as that of water, their weight in 
grams was tantamount to volume in milliliters. Unless stated other-
wise, composition of stomach contents is expressed as percent by 
volume. 
The remaining particulate organic matter was separated from the 
free fluids by centrifugation and weighed to the nearest gram. Large 
inorganic solids (stones and gravel) were removed at the time of 
sorting; the finer particles were separated by dilution and decanta-
tion. The total inorganic solids were air-dried, weighed, and their 
volume determined by water displacement. 
In a few field situations, where such procedures were not feasible, 
the percentage composition of the ingesta by major taxa was esti-
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mated at the time of collection, and a ~mall sample of each taxon 
was preserved in 10% Formalin4 for subsequwt identification and 
reference. 
On a few occasions, individual food items were retrieved from the 
surface of the ice adjacent to breathing holes used by walruses. 
Walruses often bring such items to the surface in their mouth and 
occasionally drop them on the ice. We presume that this is uninten-
tional, since the same kinds of items occur commonly in the 
stomach contents. On a few occasions, we also collected and ana-
lyzed samples of feces found on the ice where walruses had lain. 
Since many of the organisms eaten by walruses have indigestible 
skeletal parts which are diagnostic of the genus, fecal samples are of 
some value in assessing the frequency of occurrence of those genera 
in the diet. 
RESULTS 
Cruise of the CGC Northwind, 
January-February 1970 
Four walruses were collected, three of which had food in the 
'Reference to trade names does not imply endorsement by the National Marine 
Fisheries Service, NOAA. 
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Figure I.-Chart of the eastern Bering Sea, showing locations in which samples of. stomach contents (cross-hatched) 
and feces (dashes) of walruses were collected. BI = Burton Island expedition, March 1972; G = Glacier expedition, 
April 1971; NW = Northwind expedition, January-Fehruary 1970; SH = spring harvest areas, 1974.76; Z = Zago-
riany expedition, March-April 1976. Dash lines indicate approximate limits of wintering areas, as currently known 
(after Fay 1982). 
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stomach. The fir,t two were taken about 215 km south of Etolin 
Strait in water 45 m deep. One of these, an adult male, contained 
10.9 kg of the cockle Serripes groenlandicus; no other kinds of prey 
were represented. The other, a subadult male, contained 3.71 kg of 
ingesta, made up of about 60% whelks of the genera Neptunea and 
Buccinum, 25% S. groenlandicus, 5% whole lUnicates (cf. Tethyum 
sp.), and 10% stones and gravel. The third specimen with food in its 
stomach was an adult female taken about 55 km south of the 
southeastern cape of St. Lawrence Island, where the water was 33 m 
deep. This animal contained about 2.04 kg of ingesta made up of 
53% tunicates of the species Pelonaia corrugata, 25% bavalves 
represented about equally by Mya spp. and S. groenlandicus, 10% 
whelks and other snails of the genera Buccinum, Natica, and 
Polinices, 2% amphipods and crangonid shrimps, 1% Echiurus 
echiurus, and 9% stones and gravel. 
Cruise of the CGC Burton Island, 
February-March 1972 
Four specimens were collected during this cruise, all of which 
had empty stomachs. We found several items on the ice alongside 
breathing holes used by walruses, approximately 260 km southwest 
of the western end of St. Lawrence Island over water 82 m deep. 
Most of these were remains of the bivalve Macoma calcarea, one of 
the most common mollusks in that area (Stoker 1978); one was 
Musculus niger. In addition, we analyzed two samples of walrus 
feces collected from the ice in that location (samples I, II, Table I). 
The dominant remains in each were operculae of snails of the genera 
Natica and Polin ices, and exoskeletons of the brachyuran crab 
Chionoecetes sp. Two fecal samples from another locality, 65 km 
southwest of the island over waters 60 m deep, were similar in 
composition but included also several periostracal sheaths of 
siphons, probably from bivalves of the genus Mya, and tests of 
Priapulus caudatus (samples 1II, IV, Table I). 
Cruise of the CGC Glacier, March-April 1971 
One specimen with empty stomach was collected during this 
cruise. However, remains of several food items were found on the 
ice near breathing holes used by a large herd of walruses about 165 
km south of the western end of St. Lawrence Islarid over water 60 m 
deep. These were as follows: Musculus niger-shells of four indi-
viduals from which most of the fleshy parts had been removed; 
Neptunea heros - one intact i nd i vid ual; Pagurus trigon-
ochierus-one intact individual in a shell of N. heros; and four 
fragments of egg cases from an unidentified gastropod mollusk. A 
sample of feces collected from the ice where some of the walruses 
had lain contained remains of 47 individual prey (sample V, Table 
I). The dominant taxa were the mollusks Nucula tenuis, Neptunea 
sp., and Polinices sp. 
Cruise of the ZRS Zagoriany, March-April 1976 
Of 158 walruses collected during this cruise, 21 had food in their 
stomachs. These were all taken in southeastern Bering Sea, within 
an area bounded by lat. 56°43' to 57°30'N and long. 165°10' to 
166°31' W. The greatest amount in one stomach was 29 kg; the 
weight of the ingesta relative to the total body weight of the animals 
ranged from 2.1 to 2.7%. Seven taxa were identified in the stomach 
contents (Table 2). Brachyuran crabs of the genus Chionoecetes and 
whelks of the genera Neptunea and Buccinum occurred more fre-
quently than any other kinds of prey, but were of secondary impor-
tance in volume compared with the bivalve mollusks, especially the 
cockle S. groenlandicus. Nearly all of the cockle feet were of 
uniformly small size (mostly 5 to 6 cm long), but nearly all of the 
whelks were unusually large relative to those found in walrus 
stomachs in other areas. All of the brachyuran crabs were in the 
soft-shelled (molting) stage. Several animals observed immediately 
to the southwest of the collection area appeared to be feeding in 
Table I.-Comparative numbers of prey (represented by undigested parts) in fecal samples from 
walruses at five locations in the north-central Bering Sea, during late winter to early spring. 
Sample no. and location' 
II III IV V 
La!. 61°27'N 61°26'N 62°55' N 62°47' N 61°52' N Overall 
Prey type Long. 174°24'W 174°27'W 172°II'W 172"28' W 171°45'W No. % 
Worms 
Priapulus 18 2 20 
Echiurus 3 
Bivalves 
Mya 10 10 4 
Nucula 13 15 6 
Gastropods 
Neplunea I 2 14 18 7 
Buccinum 5 4 2 3 14 6 
Nalica 10 16 7 12 45 18 
Polinices 21 12 9 15 12 69 28 
Margariles t Ir 
Crabs 
Chionoeceles 8 7 4 21 9 
Shrimps 
Argis 2 4 7 3 
Amphipods 
Maera 4 4 2 
Anonyx 4 4 2 
Thnicates 
Pelonaia 2 4 2 8 3 
Telhyum I 4 2 7 3 
Totals 45 44 43 67 47 246 100 
'Samples I to IV from Burton Island expedition, March 1972; sample V from Glacier expedition, 
April 1971. 
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Table 2.-Frequency of occurrence and relative abundance of prey in stomachs 
of 21 walruses from the Zagorillny expedition, southeastern Bering Sea, March· 
April 1976. 
Maximal number of 
Frequency in slomachs individuals per 
Prey Iype (%) slomach 
Serripes groenlandicus 33 2.881 
Mya 24 79 
BivalYe, unidenlified 24 1,360 
Neplunid snails 62 342 
Hyas coarclaluS 5 I 
Chionoecetes sp. 62 %9 
Thnicates, unidentified 5 7 
waters 80 to 90 m in depth; in the collection area itself, depths 
ranged from about 65 to 80 m. We observed one adult male for 
nearly 2 h while it apparently was feeding in 79 m of water. During 
that time, it dove 12 times, each dive ranging in length from 2 min, 
10 s to 10 min, 2 s (mean, 7 min, 47 s); it remained at the surface 
between dives for 31 s to 2 min, 6 s (mean, I min, 34 s). Feces on the 
ice nearby, where several walruses had lain, contained abundant 
remains of gastropods of the genera Neptunea, Buccinum, and 
Polinices, and of crabs of the genus Chionoecetes. The presence in 
the feces of several diphyIJobothriid cestodes suggested that some 
fishes also had been eaten. 
Harvest Mooitoring Program, April-June 1974-76 
Stomachs containing ingesta were acquired from five localities in 
the northern Bering Sea-Bering Strait region (Fig. L). Results of the 
analyses of these samples are presented in detail in Tables 3-7. 
West or St. Lawrence Island.-Stomachs from 10 males and 3 
females contained from < I to more than 14 kg of ingesta (mean, 
5.75 kg), 98% of which, by volume, was organic matter. Nearly 
90% ofthe identifiable organic materials were parts of mollusks, the 
majority of which were bivalves of the genera Hiatella and Mya 
(Table 3). These two genera made up 87% of the total number of 
prey and 54% of the total volume of ingesta. 
North of St. Lawrence Island.-Stomachs of 13 males and I 
female contained from 0.3 to more than 22 kg of ingesta (mean, 
8.26 kg), 99% of which were organic and the remainder inorganic 
solids. Nearly all (97%) of the identifiable materials were parts of 
mollusks, of which two genera of bivalves (Serripes and Mya) made 
up 87% of the number and at least 80% of the volume of organic 
matter in the stomachs (Table 4). 
South of Nome.-Stomachs from seven males contained from 
0.4 to 7.9 kg each (mean, 3.6 kg), 99.8% of which was organic 
matter. Nearly all of the identifiable prey were mollusks, one of 
which (Serripes) made up 98% of the number of individuals and 
73% of the total volume of ingesta (Table 5) . The feet of these 
Serripes were very small (5-6 cm long, 1-2 g each), comparable with 
those found in the Zagoriany sample from southeastern Bering Sea. 
King Islaod.-Stomach contents were obtained from an adult 
female and ajuvenile male . The volume of ingesta was 3.8 kg in the 
female and 14.7 kg in the male. Nearly all of this material was 
organic maller, in which bivalve mollusks of the genus Mya pre-
dominated in both numbers and volume (Table 6). 
84 
Table 3.-Frequency of occurrence, number of individuals, and volume of prey 
in stomach cootenls of 13 walruses taken near the western end of St. Lawrence 
Island , April-May 1975. 
Frequency of 
Individuals Volume Prey Iype occurrence 
(genus) (/13) No . % ml % 
Priapulus 10 77 0 .7 625 0.8 
Nephthys 3 28 0.2 719 1.0 
Lumbrine,."is 2 44 0 .4 22 Ir 
Echiurus 7 10 0 . 1 18 IT 
Golfingia 4 62 0.6 215 0.3 
Bawnus I I Ir I IT 
Anonyx 6 If 2 Ir 
Ampelisca 2 IT IT 
Hippomedon I IT I Ir 
Argis IS 0.1 43 0.1 
Sclerocrangon 2 39 0.4 118 0.2 
Pagurus 2 2 IT 2 IT 
Hyas 10 245 2.2 2,260 3.0 
Neptunea 10 236 2 . 1 644 0.9 
Buccinum 8 38 0.3 118 0.2 
Narica 6 13 0.1 15 If 
Polinices 8 26 0.2 38 Ir 
Nudibranchia I Ir I IT 
Serripes 7 431 3.9 6.957 9.3 
Clinocardium 6 78 0 .7 1.048 1.4 
Hiarelw 7 ,586 68.8 7,375 9.9 
Mya' 13 1,992 18 .0 33,288 44.6 
Octopus I tr 7 IT 
Cucumar;a 10 92 0 .8 1.979 2.7 
Animal fragments' 13 17 .626 23.6 
Inorganic sediments 13 1,525 2.0 
Totals 11.026 74,648 
'Includes specimens misidentified as "Spisu/a" by Fay el al. (Ielll fOOlnole 3) . 
'Includes 1.095 ml of molluscan fragments nOi idenlifiable 10 genus . 
Table 4.-Frequency oI'occurrence, number of Individuals, and volume of prey 
In stomach cootenls of 14 walruses laken near the northern coast of St. Lawrence 
Island, May-June 1974-75. 
Frequency of 
Individuals Volume Prey Iype occurrence 
(genus) (/14) No. % ml % 
Priapulus 75 1.4 451 0.4 
Nephthys 12 0.2 107 0.1 
Lumbrinereis I I Ir I IT 
Echiurus 8 41 0.8 254 0.2 
Golfingia 23 0.4 78 0.1 
Argis 2 15 0.3 36 IT 
Pagurus 4 6 0.1 9 IT 
Hyas 9 74 1.4 338 0.3 
Chionoecetes I 2 IT 4 IT 
Neptunea 10 141 2.6 201 0.2 
Buccinllm 6 10 0.2 16 tr 
Natica 2 3 tr 2 tr 
Polin ices 8 71 1.3 68 0.1 
Margarites 6 0 . 1 I Ir 
Serripes II 1.862 33 .9 33 .1 90 28.7 
Clinocardium 3 110 2 .0 1,434 1.2 
TeliinalMacoma 2 31 0 .6 68 0.1 
Hiarel/a I IT I IT 
Mya' 12 2.944 53 .6 58,454 50.6 
Cucumaria 9 52 1.0 810 0 .7 
Pelonaia 4 0 . 1 15 Ir 
Thnicale (cf. Terhyum) IT 9 Ir 
Animal fragments' 14 19,242 16.6 
Inorganic sedi menls 13 841 0.7 
TOlals 5,485 115.630 
'Includes specimens misidentified as "Spisula" by Fay et aJ. (lexl foolnole 3). 
'Includes 1,095 ml of molluscan fragmenls not identifiable 10 genus. 
Table S.-Frequency of occurrence, number of individuals, and volume of prey 
in stomach contents of seven walruses taken near Nome, May-June 1975. 
Prey Iype 
(genus) 
Priapulus 
Nephthys 
Argis 
Sclerocrangon 
Neptunea 
Nat;cQ 
Polinices 
Serripes 
Tellina 
Mya' 
Animal fragments' 
Inorganic sediments 
Totals 
Frequency of 
occurrence 
(/7) 
5 
3 
6 
6 
2 
7 
Individuals 
No. % 
16 0.1 
2 Ir 
Ir 
Ir 
71 0.6 
49 0.4 
45 0.4 
11.399 97.7 
65 0.6 
10 0.1 
11,659 
Volume 
ml % 
99 0.4 
7 Ir 
10 Ir 
6 tr 
46 0.2 
50 0.2 
77 0.3 
18.134 72.6 
175 0.7 
39 0.2 
6,294 25.2 
45 0.2 
24,982 
'Includes specimens misidentified as "Spisula" by Fay et al. (text fool note 3). 
'Includes 10 ml of molluscan fragments not identifiable to genus. 
Table 6.-Frequency of occurrence, number of individuals, and volume of prey 
in stomach contents of two walruses taken in the vicinity of King Island, 
June 1976. 
Prey type 
(genus) 
Nephthys 
Echiurus 
Hyas 
Natica 
Serripes 
TellinalMacoma 
Hiatello 
Mya' 
Cucumaria 
Animal fragments 
Inorganic sediments 
Totals 
Frequency of 
occurrence 
(/2) 
2 
I 
2 
2 
2 
2 
Individuals 
No. % 
I 0.2 
2 0.3 
2 0.3 
2 0.3 
10 1.6 
0.2 
5 0.8 
590 94.6 
II 1.8 
624 
Volume 
ml % 
5 tr 
2 Ir 
If 
2 If 
31 0.2 
If 
If 
16.223 87.6 
143 0.7 
2,117 11.4 
7 Ir 
18,535 
I Includes specimens misidentified as "Spi.Htla" by Fay et al. (text footnote 3). 
Bering Slrait.-Stomach contents were obtained from 56 males 
and 15 females in volumes ranging from 0.1 to more than 26.5 kg 
(mean, 8.1 kg) per stomach. Most of these materials were parts of 
mollusks, predominantly Serripes, Hiatella, and Mya (Table 7). 
Unique in this sample was the occurrence in one stomach of remains 
of a bearded seal, Erignathus barbatus, including pieces of skin, 
blubber, muscle, liver, heart, and pancreas. One other stomach, not 
quantitatively analyzed, contained a high proportion of large ac-
tiniarian coelenterates, possibly of the genus Metridium. 
General Observations. - Whole shells, even of the smallest 
bivalves, were uniformly scarce to absent in the samples of stomach 
contents. Shell fragments, most of which were bits broken from 
the rim of the valves, were present in 42% of the stomachs but 
comprised only trace amounts « 0.1 % by volume of the total 
ingesta). Nearly all of the feet and siphons were entire, showing no 
signs of mastication. 
For the most part, each of the nonmolluscan invertebrates ap-
peared to have been swallowed whole, without mastication. How-
ever, they frequently showed signs of having been subjected to local 
compression, perhaps by the lips of the walrus, before they were 
swallowed. The exoskeletons of all of the brachyuran crabs were 
very soft and flexible, suggesting that these crabs had molted just 
before the time of ingestion. That their softness was not the result of 
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Table 7.-Frequency of occurrence, number of individuals, and volume of prey 
in stomach contents of 71 walruses taken in Bering Strait, May-June 1975. 
Frequency of 
Individuals Volume Prey type occurrence 
(genus) (nI) No. % ml % 
Priapu/us 26 70 0.1 889 0.2 
Nephthys 26 267 0.4 3.499 0.6 
Lumbrinereis 4 49 0.1 71 If 
Pectinar;a 2 2 If 2 If 
Echiurus 6 27 If 268 tr 
Golfingia 28 991 1.5 3,215 0.6 
Anonyx 7 33 If 24 If 
Lembos 2 If 2 tr 
Argis 2 4 If 2 tr 
Pagurus 7 18 If 45 tr 
Hyas 13 23 If 109 If 
Neptunea 47 721 1.1 4.980 0.9 
Buccinum 41 303 0.5 759 0.1 
Natica 31 156 0.2 200 If 
Polinices 30 542 0.8 695 0.1 
Margarites I 2 tr tr 
Serripes 62 2,145 3.3 47,906 8.4 
Yo/dia 10 919 1.4 339 0.1 
Nucula I 2 rr If 
TellinalMacoma II 1,269 2.0 1,413 0.2 
Hiatella 51 41,371 63.8 57,645 10.1 
Astarte 2 2 If 2 tr 
Mya' 66 15,840 24.4 373,721 65.2 
Octopus 2 2 If 45 tr 
Cucumaria 9 63 0.1 1,502 0.3 
Pso/us 7 22 If 554 0.1 
Erignathus I tr 10,498 1.8 
Anim~1 fragments' 67 53,051 9.3 
Inorganic sediments 69 11,308 2.0 
Totals 64,847 572,746 
'Includes specimens misidentified as "Spisu/a" by Fay et al. (text footnote 3). 
'Includes 385 ml of molluscan fragments not identifiable to genus. 
digestion was indicated by the hard, calcareous quality of a frag-
ment of lithodid crab shell found in one stomach. Presumably, this 
small piece (from the carapace of Paralithodes sp.) had been in-
gested accidentally, along with the inorganic solids. 
Inorganic sediments occurred with the organic ingesta in all but 9 
of the \07 stomachs from St. Lawrence Island to Bering Strait. 
These ranged in amounts from I to 1,040 ml/stomach and consisted 
mainly of sand and gravel, with a few stones up to 3 cm in diameter. 
Probably, some of the molluscan shell fragments also were ingested 
with the gravel, for broken shells make up a significant part of the 
sediments in this region. Two items of human origin (from ocean 
dumping) also were recovered from the stomachs: A 3 x 4 cm piece 
of bottle glass, and a J x 5 cm fragment of fiber gasket material. 
In Bering Strait and west of St. Lawrence Island, where both 
males and females were sampled, the females tended to feed on the 
smaller kinds of bivalves, especially Hiatella; the males had fed 
more on the largest ones, especially Mya (Table 8). The single 
female taken at King Island contained approximately the same kinds 
of prey as did the subadult male. Where the females had fed on the 
same kinds of prey as the males, they tended to take individuals of 
smaller size than did the males (Table 9). Thus, the stomachs of 
the females tended to contain larger numbers of prey but generally 
smaller volumes of ingesta than did those of the males (Fig. 2). The 
prey in the stomachs of males tended to be about 6 times larger than 
those in the stomachs of females. The largest number of individual 
prey in one stomach was 6,401 in an adult female taken in Bering 
Strait. Nearly all of those were Hiatella arctica. The smalkst 
number was three, in the adult male that had fed on one bearded seal 
and two bivalves. 
Table S.-Comparative percentage by weight of bivalve prey in the stomachs of 
males and females, northern Bering Sea, spring 1974-76. 
Prey type 
(genus) 
Hiat~l/o 
Mya 
Cockles' 
Tellinidsz 
Other small 
clams' 
W.ofSI. 
Lawrence 
o '( 
n= 10 n=3 
<0.1 80.8 
69.6 11.3 
17.3 0 
o 0 
o o 
'Serri/N' and Clinocarrlium. 
zTe1li1lQ and Macoma. 
'Yaldio, Nucuia, and Astarte. 
Locality. sex. and sample size 
N.ofSt. 
Lawrence 
o '( 
n=13 n=1 
<0.1 0 
61.2 0 
36.2 50.0 
0.1 0 
o o 
King Island 
o '( 
n=1 n= I 
o <0.1 
99.2 97.3 
o 0.1 
<0.1 0 
o o 
DISCUSSION 
Bering Strait 
o '( 
n=56 n= 15 
6.9 51.8 
80.0 32.6 
9.8 7.9 
<0.1 2.5 
<0.1 0.5 
The Pacific walrus population inhabits the pack ice of the Bering 
Sea in winter, mainly to the south of St. Lawrence Island and in 
outer Bristol Bay (Braham et al. 1984). The period of winter resi-
dence in the Bering Sea appears to be the mating season for these 
walruses (Fay et aI. 1984). The availability of an adequate supply of 
food in that period may be of critical importance only to the adult 
females, who are supporting dependent young and/or carrying a 
fetus. The adult males appear to fast during much of the winter; they 
apparently feed intensively only in spring, summer, and autumn, 
when they mostly reside in other areas (Fay 1982). 
The information on availability of food in the wintering areas is 
meager; as is the complementary information on the walruses' 
feeding habits at that time. The only samples of walrus food in the 
north-central wintering area, south ofSt. Lawrence Island, are from 
the contents of one stomach, plus five fecal samples from the ice and 
a few items dropped on the ice beside breathing holes. Together, 
these suggest that the diet there is made up of a wide assortment of 
bivalves, gastropods, crustaceans, echiurids, and tunicates in about 
equal amounts. Because the bivalves mostly have no indigestible 
parts (other than the shells, which are not eaten by the walruses), 
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Figure 2.- 'Thndency for correlation between numbers and volumes of prey in 
stomacbs of male (open circles) and female (solid circles) walruses taken in tbe 
St. Lawrence Island to Bering Strait region, spring 1974-76. The tendency for 
difference between sexes is not significant. 
ihey probably are underrepresented in fecal analyses. According to 
the work of Stoker (1978), the most abundant bivalves in ihe 
north-central wintering area are Macoma calcarea, Nucula tenuis, 
N. radiata, Yoldia hyperborea, and Serripes groenlandicus. The 
first four of these made up more than 56% by weight of the biomass 
of macrobenthos in Stoker's samples, yet to ihe best of our present 
knowledge, they seldom are eaten by walruses when other, larger 
prey are available. Of the apparently preferred, larger bivalves, 
such as Serripes and Mya, Stoker's samples indicated occurrence 
only in small amounts « 5% of the biomass). Because of known 
deficiencies of the sampling gear (0.1 m2 Van Vee!) grab), however, 
this may not be a reliable indication of abundance. Since it is clear 
that this north-central area is occupied by about two-ihirds to three-
fourths of the walrus population during winter and spring (Kenyon 
'Illb\e 9.-Comparative unit weights (glindividual) of prey in the stomach contents of male and female walruses, northern Bering Sea, 
spring 1974-76.' 
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1960,' 1972;6 Braham et al. 1984), we presume that the benthic 
stocks are larger than were indicated by Stoker's samples. 
Substantially more information is available from the walruses in 
the southeastern Bering Sea in winter, but the sample is nonetheless 
very small and is mainly from one small part of that region . In 
January, March, and April, the cockle S. groenlandicus and whelks 
of the genera Nep/unea and BLlccinum appear to be most heavily 
uti I ized. A high proportion of molting tanner crabs (Chionoece/es 
spp.) also has been found in the stomach contents and feces . 
Tikhomirov (1964:283) collected a series of 50 walruses in this 
same region in March-April 1962 and reported that they had fed 
mainly on "shrimps and crabs , among which were found a few 
kamchatki [king crab, Parali/hodes cam/schmica), and to a lesser 
degree, mollusks ." He remarked on the contrast between these and 
the stomach contents of walruses taken in the Chukchi Sea in 
summer, "where the principal food ... is mollusks ." According to 
Stoker's (1978) data, the dominant (by weight) bivalves in this 
southeastern region are Macoma calcarea and Astarte borealis, 
which made up more than 32% of the biomass of macrobenthos in 
his samples. Serripes groenlandicus comprised about 3.5%. 
The feeding habits of walruses far ther east in Bristol Bay are 
unknown. This is clearly an important breeding and feeding area in 
some winters and supports several thousand males throughout the 
summer. The possibility of competition there between the walruses 
and a potential clam fishery is under investigation. Adequate stocks 
for support of a clam fishery appear to be present only in the 
southern part of Bristol Bay (Hughes et al. 19777), which may be 
outside the normal range of most of the walruses. There, in the 
nearshore waters, the stocks of the two species of interest to the 
fishery, Spisula polynyma and Tellina lutea, are more than 10 times 
greater than in the northern parts of the Bay. 
The largest volume of data on the fceding relationships of wal-
ruses in the Bering Sea is from the northernmost sector, between St. 
Lawrence Island and Bering Strait. In the past, this region was 
utilized by walruses mainly during their northward migration in 
spring and southward migration in autumn. Since 1971, however, it 
also has become an important summering area for a significant part 
of the population. Previous information from this region, provided 
by Nikulin (1941) and Brooks (1954), indicated that bivalves (espe-
cially Mya) were the principal foods there in spring and early 
summer. Our data from 1975 tend to confirm that: The stomach 
contents of walruses taken in the western and northern parts of this 
region contained mainly Mya and Hiatel/a; in the eastern part 
Serripes was dominant. Stoker's (1978) bOllom samples from this 
region confirmed the abundance of Serripes in the standing stocks 
of the eastern sector, but they did not reflect an abundance of either 
Mya or Hiatella in the west or north . Presumably, this again was a 
deficiency of the sampling gear, which did not function well in the 
predominantly rocky to gravelly substrates. 
With the prospect of increasing human impact on the environ-
ment of the walrus population through expanded fisheries (includ-
ing clam and snail fisheries) and development of mineral and pe-
troleum resources on the continental shelf of the Bering Sea, the 
' Kenyon. K. W. 1960. Aerial surveys of mari ne mammals in the Bering Sea, 23 
February t02 March 1960and 25·28 April 1960. Unpubl. rep .. 39 p. U.S . Bur. SpOrl 
Fish . Wild!. , Seallle, WA 98115. 
6Ke nyon, K. W. 1972 . Aerial surveys of marine mammals in the Bering Sea , 6·16 
April 1972. Unpubl. rep., 79 p. U.S. Bu r. SpOrl Fish. Wild!. , Seallle, WA 98115. 
' Hughes, S. E., R. W. Ndson, and R. Nelson. 1977. Initial assessments of the 
distribution , abundance , and quality of subtidal clams in the S.E. Bering Sea. 
Processed rep., 43 p. NOrlhwest and Alaska Fisheries Cente r, National Marine 
Fi <heric., Service, NOAA, Seallie. WA 98 112 . 
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need for greater knowledge of the animals themselves and of their 
environment also will increase. For management of our mutually 
important walrus resource, we shall need to know a great deal more 
about the feedi ng relationships of this ani mal and the benthic stocks 
on which it reI ies. One might ask, for example, how dependent is 
the walrus population on the bivalves that make up the bulk of its 
diet right now? If those are depleted by commercial development or 
pollution , can the walrus population persist in a productive mode by 
switching to other benthic resources not presently utilized? If so, 
what effects would this have on other marine vertebrates (e.g., 
fishes, seals) that may already utilize those same resources? Future 
research in support of an effecti ve multispecies management policy 
for the Bering Sea will need to examine such relationships in detail. 
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Time and Location of Mating and Associated Behavior 
of the Pacific Walrus, 
Odobenus rosmarus diver gens Illiger 
FRANCIS H. FAY,! G. CARLETON RAY,2 and ARKADII A. KIBAL'CHlCH3 
ABSTRACT 
Management of the Pacific walrus population by the Soviet Union and the United Slates has been based up 
to now on several untenable assumptions concerning tbe time and place of mating, the social system during the 
mating season, and the sex and age composition of the population. The condition of reproductive organs of 
males and females laken throughout the late autumn, winter, and spring indicates tbatthe principal period of 
mating is January-February, rather than April-June as has been assumed. During late winter, virtually all of 
the adult females and most of the adult males are situated in the north-central and southeastern pack ice of the 
Bering Sea. The sex ratio of adults in those areas is about 1 male:l0 females. Most of the subadult males are in 
peripheral and intervening areas. Adult females and young within the two concentration areas in March 
associate in tightly knit herds, which move about apparently in search of food and in response to movements of 
the pack ice. One or more adult males associates with each such herd. These bulls engage in ritualized visual and 
acoustical displays in the water, especially when the females are at rest on ice. While displaying, they maintain a 
distance of about 5 to 10 m from each other; closer intrusion is met by threat, followed by fighting. Individual 
females enter the water and engage in facial and bodily contact with the displaying males, after which, 
presumably, copulation takes place underwater. The social organization appears to be unique among otarioid 
pinnipeds, more closely resembling a lek than a "harem" system. 
PE310ME 
PerYJlHpOOaHHe nonyI1R~HH THXOOKeaHCKoro MopiKa npOH1BOJlHMoe CoseTcKHM COK)JOM It CWA 
OCHOBhloanDCb 113 HeKOTopblX lIeCDCTOSneJlbHhlX "pe,UnOJlo»<'eHHAX KacaJOUJ.HXCA opeMeHH " MeCTa cnapU03HHR, 
nOBeJl,eHHA " nOJlOBOro COCTaDa nonYJlSlll."H B )THX psHOliax. CBe,UeHHA nOJlyqeHIlMe DO BpeMA OCMOTpa 
nOSlOBLIX oprallOB caMOK Ii C3MUDB, BJATt.lX n03,UHeH oceliblO, 1"1'.10" " oeeHOH, YKa3b1U3tOT "-lTO OCII08HO" 
nepHO)l cnapH0311HR npOTeKaeT 8 Allospe - q,e8paIle, a He B anpeJle - "IOHe, KaK lTO CqHTanOCh pattee. nOl.LllleH 
1"MO" nOttTH Bce Blpocnble CaMK" It caMu.bl 06HTaIOT Ha ceoepo--ueHTpaJlbHOM It IOrQ-oOCToqHOM naKOBOM Jlb.LlY 
licpHHrona MOpA. "OJlOBaA nponopUJtA B )THX MCCTax nOllTH 1 caMeu.: 10 caMOK. 60IlbIHHHCTBO cOlpeBaHJ~HX 
caMu.OB HaXOfJ.HTcA B nepHtPepHHHblX paltoHax. B1POCIIbiC C8MKH C MOJlO)1,HAKOM co6HpalOTcA 0 JTHX paHOHax B 
MapTe B nnOTHblC CTa"" ,uo6blBaA nHll\Y nOCTenCHHO npO.ABHraIOTCA CO Jlb,L:(3MH. O.LlHtt ".fl" HeCKOJlbKO BJpOcm.IX 
CaMl(OB onCK31OT o,utty "3 TaKHX rpynn, "l,uaBaA "PH lTOM p"TyaJlbHble lByKH H 8lrnH)lbl lil BO,ubl, Kor,ua caMKH 
OT,uhlXalOT H3 Jlb,uy. 8 lTO BpeMA caMI_bl coxpaHAIOT .ucpiKaTcA ,upyr OT .upyra Ha paccTOAtt"" OTS.1l.0 10 M., a "PH 
BTOP)KCHHH H3'ntllaCTCR npeCJlC.1l.0BattHC H Jl.paKH. CaMK" no OJlHHOqKC CXO.ll,AT B BO.ll,y npHKacalOTCH ;l"UOM H 
TeJlOM K CaMl(aM KoonynHpylOT C HHMH no.u BO)loii. lionee MOnO)l.b1C caMllbl, KOTOPbJC nO))KC npHXO.LlHT B Te4KY, 
LfCM 8lPOCJlblC caMI.bl, BCPORTHO onnO,UOTBOPAIOT TCX caMOK, KOTOPblC ooyrlHpylOT nocnc OKOtt'laHHA Il"Ka 
cnapHOall"A. 
INTRODUCTION 
The formulation of a management plan for any species requires a 
thorough knowledge of its natural history, reproductive biology, and 
population structure. Management of the Pacific walrus, Odobenus 
rosmarus divergens, by both the United States and the Soviet Union 
has been founded on several basic but inadequately tested 
assumptions. 
I) Walruses are polygynous. Walrus are gregarious and sexually 
dimorphic, characters typical of polygynous mammals (Nutting 
1891; Bertram 1940; Bartholomew 1970; Trivers 1972; Stirl ing 1975; 
'institute of Marine Science, University of Alaska, Fairbanks, AK 99701. USA. 
'Department of Environmental Sciences, University of Virginia, Charlottesville, 
VA 22903, USA. 
'All-Union institute of Fisheries and Oceanography (VNIRO), Laboratory for 
Marine Mammal Investigations, Moscow 107140. USSR. 
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Ralls 1977). Their closest relatives, the fur seals and sea lions 
(Otariidae) have these characters and are polygynous. However, the 
otariids congregate on land to mate and bear young, whereas the 
walrus accomplishes these functions on or near sea ice. The possi-
bility that walruses are monogamous has been proposed by some 
investigators (Allen 1880; Krylov 1968), apparently on the basis of 
frequent sightings of small "family groups" during and after the 
calving period. This proposal has been widely accepted in the 
Soviet Union but not in the United States. However, the only support 
for either view has been by inference. 
2) The sex ratio of adults is about I:!. Substantial data on the sex 
ratio of newborn walruses indicate that there are about as many 
males as females at birth (Nikulin 1941; Brooks 1954; Burns 1965~). 
Representative samples of adults have not been available, however, 
'Burns. J. J. 1965. The walrus in Alaska, its ecology and management. Alaska 
Dep. Fish Game, Juneau. 48 p. 
since the sexes tend to segregate during most of the year. Because of 
differential availability and vulnerability of the sexes to hunting, 
and because of various preferences among hunters, harvest samples 
tend to be strongly biased and cannot be assumed to be representa-
tive of the population as a whole (Burns footnote 4; Krylov 1965; 
Gol'tsev 1968). Thus, the sex ratio of the breeding adults is 
unknown. 
3) Mating takes place in April to June. All other pinnipeds, as far 
as is known, mate within a few days or weeks after giving birth. It 
has been assumed that walruses are not different. Calves are born 
mainly in the month of May (Krylov 19665), and by extrapolation 
from the size of fetuses obtained in summer and autumn, implanta-
tion of the blastocyst has been estimated to occur mainly in June 
(Chapskii 1936; Mansfield 1958). The findings of Brooks (1954), 
Burns (footnote 4), and Krylov (1969) have confirmed this and have 
shown that some females have large Graffian follicles at that time. 
Thus, it has been presumed that mating takes place about the same 
time as birth, that pregnancy lasts about II or 12 mo, and that, unlike 
the other pinnipeds, there is no delay in implantation (Harrison 
1969). 
4) There is a "surplus" of males. Given that the sex ratio at birth is 
about 1:1, and that there is a high probability of polygyny, there may 
be a large "surplus" of males that could be harvested without 
adversely affecting recruitment of males into the breeding popula-
tion. This is the basis of management of other polygynous species, 
especially the northern fur seal, Callorhinus ursinus (Roppel and 
Davey 1965), and it has been at the foundation of management also 
of the Pacific walrus population in both the United States and the 
Soviet Union. 
The principal weakness in these assumptions lies in their incon-
sistency with each other and with other relevant findings. For 
example, while the sex ratio at birth in most species of mammals is 
about 1:1, the ratio in the adults usually is unequal (Glucksmann 
1974). In marine mammals that are strongly polygynous, adult 
females greatly outnumber adult males (Carrick et al. 1962; Chap-
man 1964; Ralls et al. 1980). If walruses are monogamous, their 
adult sex ratio should be near parity; if they are polygynous, then 
adult females should be considerably more numerous than adult 
males. 
It is now clear that female walruses usually breed at 2- to 3-yr 
intervals, and that less than half of them bear young in any given 
year (Freiman 1941; Brooks 1954; Mansfield 1958; Loughrey 1959;~ 
Krylov 1962, footnote 5; Burns footnote 4). This suggests that the 
period of gestation is longer than 1 yr and points to the possibility of 
an earlier (than April-June) mating season. The latter was implied 
also by Mansfield's (1958) finding of fertile adult males in late 
November and March, and by Fay's (1955) observations that the 
testes of adult males in April-June were mainly in retrogressive 
stages. 
Because less than half of the females breed in a given year. there 
could be a large "surplus" of males, if the adult sex ratio is I: I. 
CoilVersely, if walruses are polygynous, differentially high mortal-
ity of males from natural causes is probable (Ralls et a1. 1980), 
which could result in a more balanced sex ratio of breeders or in a 
'Krylov, Y. I. 1966. Time of calving and mating of the Pacific walrus. [Abstr] 
Third all-union conf. stud. marine mammals, p. 28·29. VN[RO, VladivoslOk. 
"Loughrey, A. G. 1959. Preliminary investigation of the Atlantic walrus. 
Odobenus rosmarus rosmarus (Linnaeus). Can. Wild!. Serv., Wild!. Manage. Bull. 
(Ser. I) No. 14, [23 p. Queen's Primer, Ottawa. 
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"surplus" of females. Only 3 to 14% of male elephant seals, 
Mirounga angustirostris, survive to sexual maturity (Le Boeuf 
1974); in northern fur seals, Calorhinus ursinus, the natural mortal-
ity rate of males is more than three times that of females (Chapman 
1964; Johnson 1968). The concept of "surplus" deserves careful 
examination. 
In our work, both jointly and separately, over the past several 
years, we have gathered new data pertaining to the time and place of 
mating, composition of the breeding adult segment of the popula-
tion, and social behavior of the mating groups. We present that 
information here as a contribution to clarification of these matters, 
which are of vital importance for managing the Pacific walrus 
population on an international basis. 
METHODS 
We obtained information on the time and place of mating and 
associated behavior, first, by examination of reproductive organs of 
walruses taken throughout the winter, spring, and summer; second, 
by visual and photographic methods during aerial surveys; third, by 
observation of animals via icebreaking ships; and fourth, by acous-
tical methods. 
Fay obtained testes and epididymides from III juvenile, sub-
adult, and adult males at St. Lawrence Island in November to June 
and at Barrow in July and August 1952 to 1963. Testes were 
weighed, and tissue samples were fixed in 10% Formalin 7 or AFA, 
embedded in paraffin, sectioned on a rotary microtome at 7 to 10 /L, 
stained with hematoxylin-eosin, and mounted on glass slides. 
These were examined microscopically to determine seasonal stages 
of development of the seminiferous epithelium and the period when 
spermatozoa were present in the epididymal tubules. Kibal'chich 
obtained testes from 115 juvenile, subadult, and adult males in the 
southeastern Bering Sea during March-April 1976 via the joint 
Soviet-American research cruise of the ZRS Zagoriany. These were 
weighed to the nearest gram, and the presence or absence of sper-
matozoa was determined microscopically by the impression smear 
method at the time of collection. 
Fay obtained reproductive tracts from 218 adult females taken in 
the north-central Bering Sea from November to June 1952 to 1972. 
The ovaries from these were fixed and stored whole in 10% Forma-
lin for 1 to 3 mo, then sliced into I to 2 mm thick serial sections. 
They were examined without magnification, to determine the 
number and size of vesicular follicles and the size and state of 
development of corpora lutea. Gol'tsev (1978)8 obtained reproduc-
tive tracts from 34 adult females, during the ZRS Zagoriany cruise, 
and treated them in essentially the same way. In all instances, age of 
the animals was determined from counts of cementum layers in thin 
sections of the cheek teeth, as described by Mansfield (1958) and 
Krylov (1965). 
Information on the geographical location of the animals during 
and just after the mating season was obtained mainly from unpub-
lished aerovisual survey data made available by K. W. Kenyon, G. 
A. Fedoseev, J. J. Burns, and H. W. Braham. These surveys were 
made during February to April of 1960 to 1972. Additional aerial 
survey data were obtained by Ray, during flights over the Bering Sea 
ice in April 1975 and 1976 via National Aeronautics and Space 
Administration remote-sensing aircraft. These were supplemented 
'Reference 10 trade names does not imply endorsement by the National Marine 
Fisheries Service. NOAA. 
'Gol'tsev, Y. N. [978. Materials on reproduction of the Pacific walrus. Abstracts 
7th all-union conf. marine mammal>, p. 89. Ministerstro Rybncgo Khozyaistva 
SSSR, Moscow. 
by surface observations via iceworthy ships in March-April 1971 
(CGC Glacier), February-March 1972 (CGC Burron Island), and 
March-April 1976 (ZRS Zagoriany). 
Direct observations of social behavior were made by Fay and Ray 
during March 1972 and April 1971 via the CGC Burton Island and 
CGC Glacier, respectively, in the north-central Bering Sea, and in 
April to June 1952 to 1966 via small boats in the vicinity of the 
western end of SI. Lawrence Island. Kibal'chich and Fay observed 
social behavior of walruses in the southeastern Bering Sea via the 
ZRS Zagoriany in March-April 1976. 
RESULTS 
Time of Mating 
Data from the reproductive organs of males taken in the northern 
Bering and Chukchi Seas in November to August 1952 to 1963 
(Table I) indicate that I) the mature adults, 17 to 37 yrold, were most 
often fertile, principally in the period November to February, 2) the 
younger adults, 12 to 16 yr old, were fertile less often and over a 
longer period, and 3) the subadults, 5 to 11 yr old, were least often 
fertile, and their highest fertility occurred about 2 mo later than for 
the mature males. The cycle of testis weights suggests a peak in 
development in December or January for the ol.der males and in 
February or March for the younger individuals (Fig. I). None of the 
Tabte I.-Number of male walruses examined (n) and percent-
age in which seminiferous tubules contained spermatozoa in 
bl-monthly samples from the northern Bering and Chukchi 
Seas, 1952-63. 
Age November· January· March· May- July-
class December February April June Augus! 
(yr) n % II % n % 
" 
% ,, % 
5-11 14 14 3 67 540 944 3 0 
12- 16 18 72 3 67 4 50 14 50 5 0 
17-37 6 100 3 100 825 10 10 60 
animals younger than 10 yr old had spermatozoa in the 
epididymides; spermatozoa were present in a few of the 10 to 13 yr 
olds from December to May and in most of the fertile mature males 
from November to May. By analogy with other pinnipeds and with 
other carnivores in general, in which the principal mating period is 
just after the peak of the testis cycle of the mature males (Asdell 
1964; Harrison 1969), these findings suggest that the mating of 
walruses takes p.lace in mid-winter, rather than in spring. 
Data obtained from males collected in the southeastern Bering 
Sea between 20 March and II April, during the Soviet-American 
cruise of the ZRS Zagoriany, confirmed this in part (Gol'tsev 
footnote 8). Spermatozoa were most often present in the testes of 
animals II to 19 yr old (71 % fertile), whereas the testes of most of 
the other mature males, 17 to 32 yr old, were flaccid and in a 
retrogressive state. Those of the subaduits, 8 to 10 yr old, were 
mainly in the beginning stages of spermatogenesis . 
The data from 88 sexually mature females that were not carrying 
a large fetus and had not given birth recently (i .e., within 2 mo) are 
shown in Table 2. Again, the samples per month are small, but the 
trends seem clear. Their implication is that I) ovulation may begin 
as early as December or take place as late as May in some individu-
als, as indicated by the presence in the ovaries of vesicular follicles 
larger than 10 mm in diameter, and 2) that ferti lization is essentially 
~omp!.eted by March, as indicated by the presence of a new corpus 
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Figure I.-Weight in grams of one testis from each of 109 male walruses taken 
in the northern Bering and Chukchi Seas, in relation to date of collection. A) 
Males 14 to 37 yr old; B) males 5 to 13 yr old. Each symbol represents one 
specimen. Curves are visually estimated means. 
Table 2.-Results of examination of ovaries from female walruses that were not 
carrying a large fetus and had not recently given birth (northern Bering Sea 
1952-63; southeastern Bering Sea 1976). 
Findings in ovaries 
Fol IicJes Follic les New corpus 
Number < IOmmdiam . > IOmmdiam. lu!eum 
Month examined 
" 
% n % II % 
November 100 0 0 
December 13 12 92 I 8 0 
January 2 2 100 0 0 
February 2 50 0 I 50 
March 12 25 0 9 75 
April 15 4 27 0 II 73 
May 33 5 15 4 12 24 73 
June 10 10 0 9 90 
luteum of pregnancy. All but two of the corpora lutea of these 
animals taken in February to June already were fully luteinized; one 
from a specimen taken in early April and one in mid-February were 
incompletely formed, indicating that fertilization had taken place 
about 2 wk earlier. 
The remaining 164 females that we examined in November to 
June were either carrying a large fetus (November-April) or had 
recently given birth (April-June). Only one of these , taken in JUlie , 
had a foil icle larger than 10 mm in its ovaries, and none had any new 
corpora lutea of pregnancy like those in the foregoing group. 
Thus, our data from both the males and the females indicate that 
the period of mating in the Pacific walrus population is principally 
in mid-winter, probably beginning no earlier than December and 
ending no later than March. 
Location of Mating 
Five aerial surveys of the Pacific walrus population in its winter-
ing area in the Bering Sea were conducted jointly by the U.S. Fish 
and Wildlife Service and the Alaska Department of Fish and Game 
between 1960 and 1972.9 The principal objective of those surveys 
was to estimate the number of animals in the population , but they 
provided, at the same time, an overview of the animals' distribution 
in the pack ice. The greater part of the population was situated in the 
north-central Bering Sea, mainly to the south and southwest of SI. 
Lawrence Island; most of the remainder was in the southeast, from 
the vicinity of Nunivak Island and Kuskokwim Bay to inner Bristol 
Bay (Fig. 2). In the intervening and peripheral areas, the animals 
occurred in low densities . Subsequent surveys in April 1975 and 
March-April 1976 by Wartzok and Ray (1980)10 and by Braham et 
al. (1984), in general, confirmed those findings. The pattern as 
shown in Figure 2 is described only in the most general way, since 
the variations in ice conditions from year to year have a strong 
influence on it (Burns et aI. 198011 ) . 
From interpretation of aerial photographs taken during one of 
those surveys (1972) and from direct observations from ships, we 
have repeatedly determined that the two generalized areas of high 
density contain mostly females and young during March and April, 
whereas the intervening and peripheral areas contain mostly males 
9K. W. Kenyon, Biologist, U .S. Fish Wildl. Serv., Bur. Sport Fish. Wildl.. 
SeanJe, WA 98115, petS. commun. 1960-72. 
IOWartzolc, D., and G. C . Ray. 1980. The hauling-out behavior of the Pacific 
walrus. PB SG-192 578, 46 p. Natl. Tech. Inf. Serv., Springfield, VA 22161. 
"Bums, J. J. , L. H. Shapiro, and F. H. Fay. 1980. The relationships of marine 
mammal dislributions, densities, and activities to sea ice conditions. Final report. 
R. U. 248/249, 172 p. Outer Continental Shelf Environmental Assessment Program, 
NOAA Environ. Res . Lab. , Boulder, Cnlo . 
" 
Figure 2.-Cl!art of the Bering Sea, showing the approximate average pattern 
of walrus distrlbution in mid- to late winter (hatched) and the two areas in 
whicb most of the females and adult males were found in mid-February to 
mid-April, 1960 tu 1972 (cross-hatched). 
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(Table 3) . The ratios of adult males to adult females in the north-
central and southeastern areas of high density were about I: 10 and 
1:8, respectively. In the low density areas , the ratio of males to 
females was about 27: I, and most of those males were subadults . 
Thus, it is apparent that, during late winter to early spring, the 
Pacific walrus breeding population is essentially split into two 
groups, one of which is located in the north-central Bering Sea and 
the other is in the southeastern Bering Sea-Bristol Bay region. 
Further, there are strong indications that the sex ratio of the adult, 
breeding population contains many more females than males. 
Table 3.-Composition of visually and photographically surveyed walruses in 
Bering Sea during March-April 1971-76. 
No . of Immature Subadulls and adulls 
Area Month animals (both sexes) Males Females 
North-central Mar. 907 251 90 566 
North-central earl y Apr. 332 '131 13 '1 88 
North-central mid-Apr. 1,171 '459 40 '672 
East -central mid-Apr. 255 4 '240 8 
East~ntral Mar.-Apr. 73 II '54 8 
Southeastern mid-Apr. 621 '237 38 '346 
'In original field data, adult females and immature males and females were nOl 
recorded separately. Numbers shown here were extrapolated from the totals, based 
on a sample of 857 animals in which 509 (59.4%) were identified as adult females 
and 348 (40.6%) as immature animals of both sexes. 
'More than 75% of these were subadult males; at least 90% of all others listed 
were mature males. 
Associated Behavior 
Most of our data on herd structure and social and acoustical 
behavior are from the north-central high density area during March 
1972 and April 1971. We obtained some additional behavioral in-
formation in the western perimeter of the southeastern area in 
March-April 1976. The following are resumes, presented in sea-
sonal chronological order, of 13 instances in which we observed 
social behavior relevant to mating in mixed herds. 
4 March 1972, 0700 to 0800 h, at Lat. 62°S3'N, Long. 
172°06' W. - We encountered about 330 animals in a large open 
water lead. About 295 of these were hauled out and most were 
sleeping in three groups of20, 75, and 200 on three large floes in the 
center of the occupied area (Fig. 3a). Evidently, these groups had 
been lying in the same position for several hours, as many of the 
animals had deposits of frost on their exposed surfaces. About 80% 
of these animals were subadult and adult females; the rest were 
immature young, I to 4 or 5 yr old . Another group of about 15 
fem ales was in the water and apparently feeding, 0 .3 km away in the 
same lead . We saw no adult bulls within any of the groups offemales 
and young; however, there were 19 bulls in the vicinity, within a 0.5 
\un radius, and these were distributed as follows: 12 sleeping on the 
ice in groups of6, 2, I , I, I, and I; one sleeping in the water with its 
pharyngeal pouches inflated; six active in the water, alongside the 
floes on which the central groups of females lay. The group of six 
inactive males was made up of one adult and five subadult animals, 
two of which had much blood on the body and on the snow around 
them. The six active bulls were spaced 7 to 10 m apart, and in a 
35-min period of observation, we saw them dive and surface again 
many times in the same place. 
6 March 1972, 0900 to 1900 h, at Lat. 63°04'N, Long. 
172°23'W.-By helicopter we located several large herds totalling 
Figure 3.-Charts of the spatial arrangement of mixed herd, of Paci fi c wal· 
ruses observed in the north-central Berin.g Sea in Marc h. TIle num ber of ad uJl 
females and young is shown within each herd . Circles rqln~se"l hulls tha t were 
active in the water (open) and those that were inuctive or slee ping ( ~oUd): a) 4 
March 1972, b) 8 March 1972, c) 9 March 1972 , d) 101\18rch 1972, t ) prcll min"q' 
(tusk display) interactions of bulls A and B 01' 9 arch . 0lleIl1l'31"1' and Ihln ice 
areas are shaded (see text for further description). 
about 1,000 animals, most of which were adult females and young. 
A few adult bulls were present, some of them bloody about the head 
and leaving blood on the ice wherever they went. Wrlen the ship was 
moved to this position, we had four herd, totalling about 500 
animals within a 3 km radius. Nearly all were in the water, alter-
nately diving and surfacing in remarkable synchrony and apparently 
feeding. Only one animal, an adult bull, was on the ice, sleeping, 
and he remained there throughout the daylight hours. One group of 
about 50 animals slept in the water near the ship for more than 2 h in 
the afternoon, before moving on. These were mainly females and 
young, but with them IV:.!S one adult bull that was active the whole 
time, alternately diving and surfacing at 2- to 3-min intervals, in the 
midst of and about the periphery of the group. 
7 March 1972, 0655 to 1900 h, at La t .• 63°00' N, Long. 
17Z004'W.-At daybreak, we sighted steam risi ng from three 
herds about 7 km from the ship and moved to tha t area for observa-
tion. All herds were in the wale 1 cvidl:ntly ii;cLiing, and these 
appeared to be entirely adult females and their young. :~c:veral single 
bulls were sleeping on the ice nearby. Between mW) and 0920 h, 
nine other bulls hauled out nearby, two of them with blood stream-
ing from superficial wounds. Except for two groups of two each, 
these were all single males which lay separately, about 50 to 100 m 
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apart. Nearly all of these bulls remained in place throughout the 
daylight hours, whereas the herds of females were continuously 
moving. In late afternoon, one group of about 250 females and 
young hauled out to rest on a large floe about 1.5 km from the ship, 
in an area where we had seen one or two bulls sleeping previol!sly. 
This group was still there at nightfalL 
8 March 1972. 0700 to )900 h a t Lat. 63°00'N. Long. 
17r12' W. - The ship drifted slowly westward with the ice over-
night and, at daybreak . was in the same position relative to the floe 
on which the herd had hauled out the previous afternoon. The 
resting herd of females and young was still in the same place, but 
most of the single bull s tha t we had seen the previous day were no 
longer on the iec. We left the ship on foot and took a position a few 
meters downwind from the resting herd. We found it to be made up 
of thre(,:' partly separated groups of about 50, 150, and 50 adult 
females and young . each of which had in its midst one adult male 
(Fig. 3b). Those bul l., slept soundly during our observations, except 
fo r occasional jostl ing of their closest neighbors for resting space. 
T hat is, we detected no activity that was even slightly suggestive of 
mat ing behavior, and certa inly not indicative of a "beach master" 
role, as applied to otariids or elephant seals. We noted several times 
an emphat ic "knock" sound, like that made by striking knuckles on 
wood, which seemed to come from the seaward edge of the groups. 
An occasional, short, loud whistle also came from the same loca-
tion. We moved to the edge of the floe, a few meters from the 
perimeter of the largest group, where we observed three adult males 
in [he water alongside the herd. These bulls were diving and surfac-
ing at short intervals (1-3 min), each in a fixed location several 
meters from each other as in the foregoing observations. The dives, 
because of their brevity, did not appear to be feeding dives, which in 
our experience tend to be 5 to 10 min long at such depths (about 55 
m). We ohserved these bulls fo r over an hour, in which their 
continuo us activity cont rru; ted greatly with that of the inactive males 
on the icc . T he fcmales seemed to pay little heed to the diving bulls, 
except wilcn the luttcr sur faced with a burst of spray, wetting those 
nearc;st the edge of the floe. However, this only caused some jostling 
in the seaward edge of the herd. 
By means of hydrophone and amplifier, we detected several 
underwater sounds, presumably made by the diving bulls. These 
sounds consisted of a series of "knocks" and "bell-like sounds" 
(see Schevill et al. 1966), but their significance and that of the other 
sounds made at the surface was not apparent to us at the time. 
9 March 1972. 1600 to 1900 h. at L at. 6Z044'N, Long, 
172°02 ' W. - We located a group of approximately 95 animals in 
the wute r and 20 that we re just in the process of hauling out onto the 
ice. "y 1800 h. LIi,:re were about 70 adult females and immature 
animals on the ice in three groups of 8, 10, and about 50; two other 
group', (15 and 22) of kn~ales and young remained in the water, 
apparently feeding. Eight bulls also were in the water, "stationed" 
about'! to 10 m apart along the edge of the ice where the females and 
young lay (Fig. 3c). On one occasion, male A surfaced close 
alongside male B, and the two animals faced each other. They held 
their tusk, horizontally, first obliquely to one another, then parallel, 
then directly (Fi g _ J e ). Immediately thereafter, male B (who was the 
larger animal and had the larger tusks) rose chest-high out of the 
water and rapidly struck A three or four times on the head and neck 
with powerful downward thrusts of his tusks. Both animals dove in 
unison. with much splashing and churning of the water, then sur-
faced again, whereupon B rose once more and struck A two or three 
more times. Swiftly, they both dove again, surfaced briefly in a 
~h(lwer of spray. then dowll again. then up and rolling together 
violently at the surface. then down again and remained beneath the 
,urface for about 2 min . After this . each surfac.:d at his own station. 
Earlier. we had noticed a similar encounter between mak~ C Jnd D 
near C's station. and this also ended with each withdrawing to his 
usual stat ion . It was not clear from our viewpoint on the ship exactly 
what these bulls were doing when not engaged in such lights, except 
that each was remaining in virtually the same place and repeatedly 
diving and surfacing there, as we had seen in the previous instances. 
On one occasion, a subadult or young adult female approached 
bull A and engaged in some facial contact. She then mounted the 
male 's back in what appeared 10 be a "copulatory" position, with 
the male and female roles reversed . The two then dove in unison, 
arching high out of the water. They remained underwater for about I 
min, then surfaced (the male first) and engaged in further facial 
contacts; then the female mounted the male again. They duve in 
unison once more. rolled together fur a minute or mure at a shallow 
depth, then surfaced sl ightly separated. The female swam away and 
hauled out agai n with a nearby group. Anuther female engaged male 
A in the same kind of activity aboLit 30 min later. 
Once again. underwater listening revealed "knocks" and the 
"bell-like" sounds. The ship remained overnight in the same posi-
tiun relati ve to the herd. drifting slowly southeastward '.>lith the ice. 
10 March 1972, 0700 to 1430 h, at Lat. 62°36'N, Long. 
172°08'W.-At daybreak , about half of the herd observed the 
previous evening was still present. The central group of 10 females 
and 5 youngsters was still on the ice; about 50 others were in the 
water evidently engaged in feeding. One adult male was in the water 
near the group of iO females on the ice (Fig. 3d); no other males were 
in sight. We left the ship at 0830 h and approached on foot to within 
30 m of the animals. We remained there about 5 h . During that time . 
figure 4.- Upper: 10 March 1972. group of JO females and young resting on ice 
(center), attended by one displayillg bull (arrow) who has just surfaced from a 
dive. Other femates and young engaged in feeding are in the water at left (G. C. 
Ray photo). Lower: 21 March 1972, bull A (center) in mating display adjacenllo 
group of 20 females and young, in which were two sleeping bulls (f. H . fay 
photo). 
94 
the animals did not vary their distribution or their activities notably. 
The adult females and immature animals in the water were continu-
ou~ly engaged in l'ceding dives , with 1.5- to 2-min ventilation rests 
at the surface between dives ; we did not determine diving times 
because individuals were difficult to distinguish from each other. 
Those on the ic.: 1lI0stly slept the whole time. except for a "creche" 
of 5 fiIS(- and second-year youngsters that were engaged in mutual 
play. The bull repeatedly dove and surfaced in virtually the same 
place alongside the 10 females for the entire 5 h. pausing for 7 to 32 s 
althe surface between dives (Fig. 4 upper) . His average time spent 
underwater was 2 min 2 s; his average time at the surface between 
dives was 23 s (Ray and Watkin~ 1975). As the bull surfaced 
r'ollowlllg each dive, he released a large volume of air just beneath 
the surface and emerged nearly to shoulder height in a massive 
eruption of air and water. Raisi ng his tusks nearly to the horizontal 
he made a" knock" which was audible to us for a distance of at least 
200 m. At the time of emitting the "knock," he opened and closed 
his mouth very swiftly, seemingly making the sound by percussion 
of the cheek teeth. He inhaled deeply, then lowered his head so that 
only his crown showed above the surface. and lay floating for a few 
seconds with one pharyngeal air sac inflated and his back exposed. 
He then raised his head high enough to exhale and inhale noisily 
through his mouth, followed by another "knock" as he lowered his 
head again below the surface. He rai sed his head thus from one to 
lour times during each surface interval, and on the last of these he 
"kn0cked," emitted a ~hort whistle through pursed lips (Fig. 5 
figure 5.-10 March 1972, displaying bull. Upper: making terminal "whistle," 
just prior to dive. Lower: diving after surface display sequence. Note heighlto 
which hind Hippers are raised out of (he water (G. C. Ray photos) . 
upper), then immediately dove, arching his back and rear flippers 
high out of the water (Fig. 5 lower). 
During each dive, we heard the same stereotyped series of un-
derwater pulses and bell-sounds 12 as we had heard on 8 and 9 
March, including a distinctive 7-pulse coda (Ray and Watkins 
1975). This whole sequence of sounds (Fig. 6) was audible to us in 
air from our position on the ice and was monitored and recorded by 
hydrophone, as well. Comparable sequences of underwater pulses 
and bell-sounds of lesser intensity, apparently made by other bulls 
some distance away and not within our field of vision, were heard 
via the hydrophone. At 1400 h, we intentionally disturbed the 
animals by exposing ourselves to their view and moving to their 
windward side, whereupon all of the females and youngsters de-
parted. However, the bull continued his displays at his station for 
about 10 min longer, before departing in the direction of the 
females. Two other bulls , not seen previously, drew close to the area, 
then headed in the same direction . 
17 March 1972, 1000 to 1300 h, at Lat. 6r47'N, Long. 
172°28' W. - We encountered a group of 49 animals in an area of 
heavy, continuous ice with very few holes or leads . On the ice were 
45 adult females and young, arranged in three groups of 6, 15, and 
24; four adult males were situated as shown in Figure 7a. Bu.11 A was 
sleeping on the ice; bull B was sleeping in the water in a round hole 
about the same diameter as his body. The other two bulls were 
displaying in the water, as in the previous incidents . Each had one of 
12 ln a ir. walruses sometimes c hatle r their teeth , like a rodent. We ha ve observed 
that "knocks" also can be produced when the jaw is moved rapidly as in percussion 
of the tee th . Nevertheless, we suspect that the knocking sou nd is produced by some 
other means . Fay and Kibal'chich watched an adult male "knockin g" at close range 
(3 m) on 21 March 1976 but did not detect a ny jaw moti on; rather, the sound s seemed 
to co me from deeper in the throat . Kibal 'c hi ch has observed that the bell-sound made 
by walruses in air occurs at the time of in~ation of one of the pharyngeal air sacs, but 
this has not been the case in hundreds of Fay and Ray 's observations, in which 
animals ftoating at the surface, head down, were making the sounds without appar-
ently varying the volume of air in their inflated sac(s). 
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Figure 7,-Charts of the spatial arrangement of mixed herds of Pacific walruses 
observed in the north-central and southeastern Bering Sea during March and 
April. Symbols and scale are as in Figure 3: a) 17 March 1972, b) 21 March 1972, 
c) 21 March 1976, d) 3 April 1971, e) 5 April 1971, f) 10 April 1976 (see text for 
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Figure 6,- Diagrammatic representation of a typical acoustical sequence during one display by an adult male, Insets are actual sonograms of parts of the underwater 
display (after Ray and Watkins 1975). 
95 
his pharyngeal pouches inflated while he was at the water's surface 
We approached on foot and shot a female from each of the larger 
groups. This immediately frightened away all of the others except 
the displaying males, who continued their displays for a few min-
utes before moving in the direction of the departing females. 
20 March 1976, about 1200 h, at Lat. 57°15'N, Long. 
166°05'W.-We observed a group of four adults (2 males, 2 
females) which lay in pairs, side by side on the ice, very close 
together but head-to-tail. A third male which swam to, and attempt-
ed to haul out on, the same Hoe was met with raised tusks but no 
overt aggression . He hauled out about 2 to 3 m apart from the group, 
whereupon they all laid down and were quiet. 
21 March 1972, 0830 to 1300 h, at Lat. 61°27'N, Long. 
174°24' W. - We encountered six herds on the ice and approached 
them on foot at 0830 h. There were about 250 animals in all, 
including mostly females and young on the ice and more than 10 
adult males in the water. We concentrated our attention on two 
groups of 20 and 30 that were attended by 8 bulls (Fig. 7b). The 
group of 20 on the ice consisted of more than 10 adult and subadult 
females, about 8 juveniles (I to 6 yr old), and 2 adult males. Nearly 
all of these animals had a coating of frost on their exposed body 
surfaces, indicating that they had been sleeping in the same position 
for several hours. The males in this group continued to sleep 
throughout the 4.5-h period of observation, as did most of the 
females and young. Only a few of the subadult and immature 
females were active, entering and leaving the water several times 
during the day. In the water near the ice edge was an adult bull (A) 
that was engaged in the same kind of dives and acoustical displays 
as the bulls observed earlier, though he did not stay as consistently 
in one place as the others had (Fig. 4 lower). The subadult and 
immature females that entered the water from this group often 
·"ngaged in nose-to-nose and other facial contacts with this bull and 
occasionally dove with him, but we saw no copulation. A second 
bull (B), which at first stayed some 50 m away, later moved toward 
/!\s station . However, he did not come closer to A than about 10 m, 
nor did he engage in the display routine or elicit any evident 
response from bull A or from the young females . Subsequently, bull 
B returned to his former place, where he remained at the surface, 
making "bell" sounds with head submerged for about I h before 
moving out of view. At 1200, a third bull (C) appeared about 50 m 
away from A, but did not approach any closer. This animal did not 
engage in the same display sequence as the others, though he did 
dive occasionally and could have been making underwater sounds . 
The larger group of about 30 animals also was frost-covered and 
consisted of adult and subadult females and immature animals of 
both sexes . There were no adult males in this group. However, three 
very large bulls , spaced about 5 m apart in the water along the edge 
of the floe , were continuously engaged in display routines all day; 
two other, smaller bulls in the water at one end of the group , 
displayed irregularly. The one most distant from the females was 
least active and, for an hour, simply floated at the surface emitting 
"bell" sounds, like bull B. A few of the youngest adult or subadult 
females in the resting group went into the water and actively 
engaged the bulls in nose-to-nose and other facial contacts. On 
several occasions , a female "mounted" a bull, and they participated 
together in cO:1siderable surface and subsurface rolling and splash-
ing. We felt that copulation could have been taking place during 
these encounters, but we could not identify any copulations with 
certainty from ollr position. 
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21 March 1976, 0800 to 1300 h, at Lat. 56°45'N, Long. 
166°00' W. -. We observed a group of 5 adult females and young 
resting on ice and a group of 9 bulls and I juvenile male also on the 
ice about 8 m away from the first group (Fig. 7c). One bull was in 
the water about 0.5 km away but apparently was feeding, not 
displaying, since his dives were long (9-10 min) and he made no 
surface or underwater sounds . The group of females and young, 
after about 2 h of our observation, moved along the ice and joined 
the males, but other than some jostling for position, there was no 
interaction between the groups. We heard a ftw knocks and an 
occasional bell sound made by one or more of the bulls on the ice. 
We heard no underwater sounds by hydrophone. 
3 April 1971, 1200 to 1800 h, at Lat. 61°52'N, Long. 
171 °45' W. - We encountered a congregation of some 300 animals, 
nearly all of which were asleep on the ice . Approaching on foot, we 
found them to be in several groups, the largest containing about 275 
females and young and one centrally located, sleeping bull (Fig . 
7d). Nearby was a smaller group of about 10 females and 2 adult 
bulls , also sleeping. Farther away were two groups of 7 and 8 
pregnant (near-term) females, and scattered in groups of I, 1,2, and 
3 within I km of the large central group were 7 adult and subadult 
bulls, also sleeping on the ice . A few animals were in the water near 
the largest group, and at least one of those was a displaying bull. No 
other bulls were sighted in the water. 
5 April 1971, 1700 h, at Lat. 61°20'N, Long. 173°55' W.- We 
sa w another group of 6 females and young on ice, attended by a large 
bull who was displaying alongside in the water (Fig. 7e). 
10 April 1976, 1200 h, at Lat. 57°30' N, Long. 
165°40'W.-We sighted three groups of 6,8, and 15 females and 
young on adjacent floes. One bull (A) was displaying in the water 
between the two smaller groups; another bull (B) was on the ice 
about 10 m away (Fig. 7f). Bull B entered the water and approached 
A, displaying; he was promptly attacked by A, whereupon he 
withdrew and hauled out again in the same place. Underwater 
sounds, evidently from bull A , were I ike those made by the display-
ing bulls observed earlier. 
DISCUSSION 
All previous studies of reproduction in the Pacific walrus have 
been conducted entirely in late spring, summer, and autumn. Those 
studies have demonstrated dearly that implantation of the blasto-
cyst takes place mainly in June and that the calf is born about II mo 
later, usually in May (Belopol'skii 1939; Freiman 1941; Nikulin 
1941 ; Brooks 1954; Krylov footnote 5) . However, the time and place 
of mating and the nature of breeding behavior have remained 
uncertain, for lack of specimens and observations during late au-
tumn, winter, and early spring. Our specimens and behavioral 
observations have now provided enough information to indicate I) 
that mating occurs mainly in winter rather than in spring, 2) that the 
population of females usually is split into two discrete groups 
(north-central and southeastern) during that period, and 3) that the 
so,:ial organization and behaviors of adults at that time are distinc-
tively different from those in late spring, summer, and autumn . 
Presuming that the mating season was in May and June, Be-
lopol'skii (1939), Freiman (1941), Nikulin (1941), and Brooks 
(1954) speculated that small, loosely organized "harems" may be 
formed on the ice. They did not observe any such groups, however, 
and could only reiterate earlier analogies of sexual dimorphism and 
gregariousness to support their views of an otariid-like system of 
polygyny. Neither have we ~een any groups suggestive of an otariid-
like "harem" structure during observations of hundreds of mixed 
herds in the Bering and Chukchi Seas in late April to early Sep-
tember. That is, in no case did any bull appear to be dominating a 
group of females or defending a territory; rather, the bulls usually 
were sleeping or jostling for resting space on the ice. or simply 
swimming or feeding in the water. In that period, the majority of 
males stay in all-male groups, some of which are very large (hun-
dreds or even thousands) . Many of these remain in the Bering Sea 
throughout the summer, while virtually all of the females and young 
migrate northward into the Chukchi Sea. We often have seen and 
heard subadult males in such all-male groups "displaying" to each 
other, as well as to mature males (Miller 1975:595-597). In those 
cases, the young animals' displays 'were " incomplete " and 
nonstereotyped; that is , they used only fragments of the full, 
stereotyped array of sounds and actions that characterize the dis-
plays of mature bulls in winter. 
Conversely, we have observed that, in winter, most of the mature 
bulls occur singly and that they tend to follow and closely attend the 
herds of females. When the females are resting either in the water or 
on the ice, these bulls engage in ritualized visual and acoustical 
displays in the water near them. We bel ieve that those displays 
function both as advertisement of the male's sexual readiness and as 
reinforcement of a dominance hierarchy among competitive males. 
Our observations indicate that, when bulls are engaged in this 
activity, they maintain an individual distance of no less than 5 to !O 
m; any closer intrusion is met by threat, followed by fighting. We 
have never seen aggression of such intensity nor the association of 
displaying bulls with herds of females in any other season of the 
year. 
For the most part, the subadult and juvenile males seem to remain 
outside the areas where the females and adult males congregate in 
winter. These younger males associate in small groups (2 to 20). 
some of which also include one adult male. They tend to become 
sexually active later in the season than do the older males, which 
would seem to be advantageous as protection from direct competi-
tion with their elders. We often have seen subadult males associated 
with females later in the spring and summer, after the adult males 
are no longer in rut and have formed all-male herds. If these younger 
bulls playa significant role in reproduction , it may be to fertilize 
cows that come into estrus after the main mating season. 
In March , adult female/male interactions suggestive of pre-
copulatory play occasionally took place when a female entered the 
water and swam to a displaying male. These interactions were brief 
(up to 3 min) , and most of the activity took place underwater. 
Presumably copulation ordinarily occurs there (Scheffer and Ken-
yon 1963) . About 80% of copulations by walruses in captivity take 
place in the water.'3 
Apart from these observations, we feel that the evidence for 
polygyny is compelling on several counts. First, we have observed 
that females outnumber males by about 10 to I in the wintering 
groups, and that the number of bulls attending a herd of cows seems 
to vary with its size, suggesting that there is some "optimal" sex 
ratio . There seemed always to be a few "extra" bulls, however, not 
far from each herd of females. At times, all of the bulls seemed to be 
resting on the ice, while the females and young were feeding. 
Because the older bulls tend to come into rut earliest, we suppose 
" E. D . Asper. Curator of Mammdls and Birds, Marineland. Orlando, FL 32809, 
pers. commun. August 1974 . 
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that there is a succession of progressively younger bulls in the 
mating areas as the seasons advance from winter to spring. 
Second, Ralls (1977) has pointed out the high predictability in 
mammals between polygyny and sexual size dimorphism. Adult 
male Pacific walruses are about 20% longer and 50% heavier than 
adult females; further, they have larger tusks , much thicker, lumpy 
skin on the neck and shoulders, and are appreciably paler in color 
than the females (Fay 1982) . Body and tusk size of males seem to be 
the principal determinants of social dominance (Miller 1975). Im-
mature males tend to resemble the females in size, coloration, and 
smooth skin . The degree of sexual dimorphism is appreciably less 
than it is in most other polygynous pinnipeds, which suggests that 
the walrus's social organization is not as rigid, and that the feedback 
mechanism favoring dimorphism is not as strong as it is, for exam-
ple, in the otariids (Bartholomew 1970). 
Third, the maturing of the sexes at widely different ages gener-
ally is a corollary of polygyny, provided that all individuals of the 
sex which matures early are to breed (Wiley 1978). In all pinnipeds, 
the females apparently become capable of breeding a year to two 
earlier than the males (Harrison 1969), but by no means are all of 
them polygynous. The few that are known to be polygynous show an 
additional, distinctive feature of development that is a more conclu-
sive corollary: Secondary acceleration of growth in the males (Laws 
1959). While the males of polygynous species become physiologi-
cally capable of breeding not long after the females, they are unable 
to secure positions in the breeding structure until they have under-
gone this secondary, postpubertal growth and have reached a com-
petitively large size, several years later. Male walruses, like the 
otariids and Mirounga, also undergo secondary growth, reaching 
their full adult size about 15 yr of age, some 5 to 6 yr after they 
become fertile and 7 to 8 yr after the females begin to breed (Fay 
1982). 
Each of these observations strongly indicates polygynous social 
organization, with inter-ma.le competition for access to estrous 
females, but not necessarily the same kind of organization as that of 
the other polygynous pinnipeds . It clearly differs from the latter in 
four major respects: First, there is no discernab le limit to the amount 
of breeding space availabk. The winter pack ice of the Bering Sea 
approaches I million km 2 in most years. and at least a third of it is 
inhabitable by walruses (Burns et a l. footnote II) . Second, the 
winter pack ice is continually moving (mainly from north to south), 
and there is no fixed location within it to which the breeding adults 
can return each year, other than in very broad, general terms . They 
do seem to congregate with reasonable regularity within the two 
large areas shown in Figure 2 , but the variations from year to year in 
extent and quality of the ice preclude site tenacity on a finer scale 
and, occasionally, preclude even the use of one or both of those 
areas. Third, the females do not congregate for calving just prior to 
the mating season. Birth of the calves takes place some months later, 
during the northward migration. Fourth, males on the ice with the 
females do not engage the females or other males in any behaviors 
that seem related to mating or defense of breeding territory. For the 
most part, they simply sleep, paying no heed to either the females 
around them or the displaying males in the water. Only the bull s in 
the water are aggressive toward each other and attentive to the 
presence and actions of the females. 
Thus, the circumstances under which walruses mate are quite 
different from those of other polygynous pinnipeds, and this has 
been the strongest basis for argument in the past against polygyny in 
walruses. For example, Bartholomew (1970) dismissed the possibii-
ity of a polygynous system being maintained by a species that 
copulates in the water, since the greater mobility of pinnipeds there 
than on land excludes the establishment of stable territories. Stir-
ling (1975) felt that pack ice was unsuitable for organized polygyny 
because of I) unlimited space for haulouts and 2) the instability of 
the ice itself, which is continually in motion. We suggest that the 
walrus is an exception. In this case, the "territory" seems to be 
more a matter of a 3-dimensional "individual space" around the 
male, in which acoustic displays reinforce the dominance estab-
lished by body and tusk size and by fighting. The inherent gregari-
ousness of the females, evidently irrespective of any influence by 
the males, assures unity of the breeding group, even in a habitat that 
is in motion and constantly changing. 
The mating system implied by our observations is somewhat 
suggestive of a lek in that I) the dominant males display before the 
females in a traditional location (albeit a very large and general 
one), 2) the subdominant males take peripheral positions, outside 
the "arena," and 3) the female appears to take the active role in 
consorting with the male of her choice within the arena (Wiley 
1978). However, it does not seem to conform to the lek criterion of a 
place where males congregate to attract and court females, who 
come there just for mating (Wilson 1975). Rather, the females seem 
to congregate in the two large areas in winter more because of 
suitable ice conditions than for mating per se, and the males simply 
go there to engage them. Because the displaying males appear to 
control access to the females by defending their individual spaces 
alongside them, the social arrangement could be construed as a form 
of "female defense polygyny" in which the gregariousness of the 
females makes possible the monopolization of each herd by one or a 
few males (Bradbury in Kolata 1975; Emlen and Oring 1977). The 
fact that males continued to display after the females had left 
suggests that a male's "control" over a given herd is very temporary, 
perhaps lasting only for the period (24-48 h) when the females are 
resting between feeding bouts. 
From what we know of it now, the mating system of the walrus 
seems most similar among pinnipeds to that of the northern elephant 
seal, as described by Le Boeufand Peterson (1969), though it differs 
in some essential points, presumably because of its occurrence in 
the moving pack ice, rather than onshore. 
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A List of American and Soviet Institutions 
Possessing Collections of Osteological 
Specimens from Pinnipeds and Sea Otters 
LARRY J. HANSEN,! WILLIAM F. PERRIN,! ANATOLI S. SOKOLOY,2 and 
JAMES G. MEAD3 
ABSTRACT 
Because different populations of tbe same species of pinnipeds and sea otters often bave different popula-
tional parameters and histories of exploitation, modern conservation policy calls for identification of such 
management units below the specific level. 10 do so often requires analysis of large numbers of specimens from a 
morphological aspect, particularly by study of skeletal materials. By mutual agreement, to assist Soviet and 
American researchers in locating major sources of osteological specimens, we have compiled a list of the 
collections in the USA and USSR. Some 13,000 specimens ofpinnipeds and 1,200 of sea otters, in 70 institutions, 
are recorded. 
PE3lOME 
Pa3Hbie nonYJlRQHH O,[VIoro BH)l3 Jl8CTOHOrHX, a TaK"ACe K'SJlaHa LlBeTO liMelOT pallible napaMCTpbllanaC08 Ii 
"CTOPUIO npOMMcn3. no )THM "pH-oIKHaM C nO'lH1l.HH cOBpeMelilloH CTpaTentH oxpalll~1 Heo6xo,UHMO 
H,UeHTHcIlHUHpoB8Tb TaKHe nonYJlAlJ,li" BHYTP" BH)l3. 
B C8A']" C )THM 33QaCTYlO Tpe6yeTcA aHaJlK] 60JlblllOrO K'QJlWleCTBa Mop<t»OJlOrHlfeCKoro M3TepHaJl3. 
oco6eHilO no OCTeOJlQrHH. no BJ3ltMHOMY CQrJlaWeHHIO 8 QCJlAX OK033HI1I1 nOMO~H aMepHKaliCKHM " 
COBCTCKHM HCCJle)lOU3TeJHIM 8 onpe.ll.eJleHHH MeCTOH3XO)K,UeHHA OCTeOJlOrWleCK"OrO M3TepH3Jla COCTaBJ1eH 
lIacToAU\"" cnHCOK KOIlIleKlI"" B ClIJA H CCCP. Ja<jJHKcHpoBaHo OKOIlO 13000 lKJeMnIlApoB no IlaCTOHorHM" 
1200 no "aIlaHaM B 70 y~pe"'J\eH"AX 06eHx CTpait. 
INTRODUCTION 
A major emphasis in modern conservation of mari ne mammals is 
on management by population or stock, because different popula-
tions of the same species quite often have different histories of 
exploitation and different levels of natural mortality and reproduc-
tion. A sound management policy for one population is not neces-
sarily applicable to another population of the same species. For that 
reason, the International Whaling Commission and other manage-
ment bodies, national as well as international, have increasingly 
moved to management on a stock-by-stock basis. 
For many, if not most, marine mammals, populational variation 
and subdivision within the species are very poorly known or under-
stood. The reasons for this are that I) the decision for or against 
subdivision below the species level is based on morphology (osteol-
ogy, coloration, body size and shape, etc.), and 2) morphological 
differences at that level are not absolute and require rigorous analy-
sis of large numbers of specimens. Thus, modern management 
relies on the availability of large numbers of specimens. Unfortu-
nately, marine mammal specimens are difficult and expensive to 
collect, process, and store. Consequently, most museums and other 
repositories possess only synoptic collections, or at best, a few 
dozen specimens of one or two species. For that reason, one usually 
ISot:thwest Fisheries Center La Jolla Laboratory, National Marine Fisheries 
Service, NGAA, La Jolla, CA 92038, USA. 
'Academy of Sciences of USSR, Zoological Institute, Leningrad, USSR. 
'Division of Mammals. National Museum of Natural History, Washington, DC 
20560, USA. 
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must examine the specimens in many collections before reaching a 
conclusion on whether a particular subdivision of a species is 
justified. Before a collection can be used, of course, one must know 
what is in it; it must be cataloged and documented in a readily 
accessible publ ication or report. 
Because of growing Soviet-American collaboration in research 
and management programs for marine mammals of mutual interest, 
the US-USSR Marine Mammal Project meetings in La Jolla, USA, 
in 1977 and in Ulan Ude, USSR, in 1978 endorsed the concept of 
cataloging world collections of marine mammal osteological 
specimens and agreed to assist and expand an existing cataloging 
effort by the U.S. National Museum of Natural History. This pro-
gram has been underway for several years, with many major collec-
tions in the United States and Europe already documented. Collec-
tions in the Soviet Union have been included very recently and on a 
small scale. As the first step in a comprehensive cataloging pro-
gram, specialists in the United States and the Soviet Union agreed to 
compile and exchange lists of collections which contain marine 
mammal specimens. The present list was compiled from that 
exchange. 
METHODS 
A total of lSI institutions, including univerSItIes, colleges, 
museums, government agencies, and oceanaria were surveyed. A 
list of institutions with marine mammal specimens compiled by 
Mead in 1973 served as a starting point for this survey. Other 
collections were located by reviewing catalogs of museums and 
educational institutions and published lists (Anderson et a!. 1963: 
Katz and Katz 1965; Choate and Genoways 1975; Podolsky 1975; 
Wolman 19784). Each institution was contacted first by telephone. 
If the institution had marine mammal osteological specimens (a 
speciman may be anything from a single bone to a complete skele-
ton) an estimate of the number of specimens was obtained and a 
checklist questionnaire was mailed to the institution in order to 
obtain a more detailed inventory of the collection. Eighty-five 
percent of the questionnaires were returned. 
RESULTS 
Of the institutions surveyed, 70 reported pinniped osteological 
specimens (Table I), and 81 did not. Six institutions reported only 
total numbers of marine mammal specimens. 
Of the approximately 17,300 marine mammal specimens located, 
about 75% were pinnipeds and 7% were sea otters; the rest were 
cetaceans and sirenians. As an early form of the questionnaire 
• Wolman , A. A. 1978. International marine mammal scientists directory-I978. 
Processed rep., 81 p. National Marine Mammal Laboratory, National Marine 
Fisheries Service, NOAA. 7600 Sand Point Way NE .• Seattle. WA 98115. 
''DIbIe L I ............ Ia USA. .... USSR ..--.. pUaiped aod sea otfB 
__ .... ~, • fJI. Jaaury 1979, b8Rd OIIlUl"Vey. 
No. of specimens 
Sea 
Name of institution Pinnipeds otters Contact 
Alaska Dep. FIsh & Game 730 D. McKnight 
Subport Bldg. Game Research 
Juneau. AK 99801 Chief 
American Museum of Natural History -750 S. Anderson 
Callral Park W. at 79111 St. Curator of Mam-
New York, NY 10024 mals 
Bernice P. Bishop Museum 15 A. C. Ziegler 
P.O. Box 6037 Vert. Zoologist 
Honolulu. HI 96818 
Calif. Academy of Sciences 400 16 L. C. Binford 
Dep. Birds & Mammals Chairman 
Golden Gare Park 
San Francisco. CA 94118 
Calif. Polytectmic State Univ. 43 119 A. I. Roest 
Biological Sciences Dep. 
San Luis Obispo. CA 93409 
Calif. State University 9 H. Cogswell 
Dep. Biology Curator 
Hayward. CA 94542 
Calif. State University 17 3 Dr. Huckaby 
Dep. Biology 
610 I East 7th Street 
Long Beach, CA 90804 
Calif. State University 6 
Dep. Biology 
5151 Stale University Dr. 
Los Angeles, CA 90032 
Calif. State University 18 1. Tilley 
Dep. Biological Sciences Museum Curator 
6000 1 Street 
Sacramento, CA 95819 
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included only cetaceans, pinnipeds, and sirenians,5 the numbers 
indicated for sea otters probably are low. The U.S. National 
Museum of Natural History has the largest collection of pinnipeds, 
totaling about 2,500 specimens; the largest collection (about 1,400 
specimens) in the USSR is in the Zoological Institute of the 
Academy of Sciences in Leningrad. 
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'A list of cetacean and sirenian specimens in American and Soviet collections will 
be presented in Volume 2 of this publication series. 
Carnegie Museum 463 Curator of MaIn-
4400 Forbes Avenue mals 
Pittsburgh, PA 15213 
OIar1es1011 Museum -4 A. Sanders 
121 Rutledge Avenue Curator of Nat-
Charleston, SC 29401 uaI Sciences 
Cornell University 53 R. G. Bauer 
Bird & Mammal Museum. Bldg. 3 Curatorial Asso-
Ithaca, NY 14850 ciare 
Denver Museum of Natural Historyl 27 H. C. Wichers 
City Park Curator of Mam 
Denver, CO 80205 mals 
Field Museum of Natural History 189 S. Walchuk 
Roosevelt Rd. at Lake Shore Dr. Division of 
Chicago. lL 60605 Mammals 
Florida State Museum 14 S. Humphrey 
University of Florida 
Gainesville, FL 32611 
Harvard University 566 E. Rutzmoser 
Museum of Comparative Zoology Curatorial Asst. 
Cambridge. MA 02138 of Mammals 
Humboldt State University 81 R. Sullivan 
Dep. Zoology Vert. Zoology 
Arcata, CA 95521 Museum 
Los Angeles County Museum of 333 5 D: R. Patten 
Natural History 
900 Exposition Blvd. 
Los Angeles, CA 90007 
Louisiana State University 1. P. O'Neal 
Museum of Zoology 
Baton Rouge, LA 70803 
Marineland of Florida R.lenkins 
Route I. Box 122 
St. Augustine. FL 32084 
Michigan State University 24 J. Matson Southern Illinois University 4 2 E . C. Gallbreath 
The Museum Zoology Deparonent 
East Lansing, MI 48823 Carbondale, n. 6290 I 
Monkshire Museum of Science 3 R. Chaffee University of Alaska Museum 487 8 S . MacDonald 
Hanover, NH 03755 University of Alaska 
National Marine Fisheries Service 2 W. F. Perrin , 
Fairbanks , AK 99701 
La Jolla Laboratory L. J. Hansen University of California 262 28 W. Z. Lidicker, 
P.O . Box 271 Museum of Venebrate Zoology Jr. 
La Jolla, CA 92038 2593 Life Sciences Bldg. Curator of Mam-
National Marine Fisheries Service 271 3 C. Fiscus 
Berkeley, CA 94720 mals 
Marine Mammal Division University of California 17 M. Hildebrand 
7600 Sand Point Way, Bldg. 32 Dep. Zoology 
SeatUe , WA 98115 Davis, CA 95616 
National Museum of Natural History - 2 ,500 500 J. G . Mead University of California 10 L. M . Julian 
Division of Mammals Curator of Mar- School of Veterinary Medicine 
Smithsonian InstilUlion ineMammais Davis , CA 95616 
Washington, DC 20560 
University of California 28 J . Miller 
New England Aquarium 15 L. Garibaldi Biology Dep., Dickey Collections Curator 
Central Wharf Curator Los Angeles, CA 90024 
Boston, MA 02110 
University of California - 10 T. Dohl 
New York Slate Museum P. Connor Santa Cruz, CA 95060 
Washington Avenue 
Albany, NY 12224 University of Colorado Museum 14 S. K. Wu 
Boulder, CO 80302 Curator of Zool-
North Carolina State Museum 3 D.Lee ogy 
P.O. Box 2281 Curator of Marr University of Connecticut 10 R. Dubos Raleigh, NC 27611 mals 
Dep. Biological Sciences 
North Carolina State University 7 Dr.Barkaloo Storrs, CT 06268 
Dep . Zoology University of Kansas - 12 -I R. S . Hoffman Raleigh, NC 27607 
Museum of Natural History Curator of Mam-
Ohio Historical Society I 3 C. W. Albrecht Lawrence, KS 66044 mals 
Natural History Division Curator of Nat- University of Miami 4 J. Reynolds 
Ohio Historical Center ural History School of Marine Sciences 
Columbus , OH 43211 4600 Rickenbacker Causeway 
Oklahoma State University 10 2 B. Glass Miami, FL 33149 
Museum of Natural History University of Michigan 2 Dr. Smith Stillwater, OK 74074 
Museum of Paleontology 
Oregon Institute of Marine Biology 2 2 J _ Hanna Ann Arbor, M148104 
Charleston , OR 97420 Uni versity of Michigan 24 P. Myers 
Oregon State Uni versity 17 B. Mate 
Museum of Zoology 
Ann Arbor, M148104 
Marine Science Center 
Newport, OR 97365 University of Missouri 60 Dr. Elder 
Peabody Museum of Natural History 66 J. Ostrom Museum of Zoology 
Yale University 
Columbia, MO 65201 
New Haven , CT 06520 University of Montana 19 
Peabody Museum of Salem 2 S. Pidugalls Dep . Zoology 
Salem, MA 01970 Missoula, MT 59801 
Philadelphia Academy of Science 137 E B. Gill University of New Mexico 10 J. Finley 
19th St. and Parkway Dep . Biology 
Philadelphia, PA 19103 Albuquerque, NM 87106 
Princeton University I~ D. Baird 
University of Notre Dame 
Dep . Biology 
Museum of Natural History Geology Dep . Notre Dame, IN 46556 
Princeton, NJ 08540 
San Diego Natural History Museum 130 R. M. Chandler 
University of Oregon 17 2 E. Gustafson 
PO. Box 1390 Curator of Birds 
Museum of Natural History 
San Diego , CA 92112 & Mammals Eugene, OR 97403 
University of Puget Sound 374 34 E. Kritzman 
San Jose State University 103 J . Vollenweider Puget Sound Museum of Natural 
125 South Seventh Street Museum of Birds History 
San Jose , CA 95162 & Mammals Tacoma, WA 98416 
Santa Barbara Museum of Natural 85 48 C. Woodhouse University of Texas, Austin 
- 6 R. Martin 
History Head, Marine Texas Memorial Museum 
2559 Puesta del Sol Road Mammal Pro- 2400 Trinity 
Santa Barbara. CA 93105 gram Austin, TX 78705 
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Universily of Washinglon 53 J. Romilsky Academy of Sciences of USSR 1.426 261 I. M. Gromov 
Burke Museum Zoology Div. Zoological InslilUte 
Seattle . WA 98195 Leningrad. USSR 
Virginia Polylechnic Inslilute 6 J. Cr~wford Allanlic Research IllSlilule 372 0 V. A. Zheglov 
and Siale Universily of Fisheries and Oceanography G. V. Rezvov 
Dep. Biology Kaliningrad. USSR I. E. Filatov 
Blacksburg. VA 24061 Pacific Research Inslilule ,79 195 G. M. Kosygin 
Waikiki Aquarium L. Taylor 
of Fisheries and Oceanography 
2777 Kalakaua Avenue 
VladivoslOk. USSR 
Honolulu. HI 96815 Magadan Seclion 1.247 0 G. A. Fedoseev 
Pacific Research Inslilule 
WaShington Siale University 30 R. E. Johnson of Fisheries and Oceanography 
Dep. Zoology Magadan 685013. USSR 
Conner Zoology Museum 
PelTopavlovsk Seclion 16 0 Pullman. WA 99164 
Pacific Research Instilule of 
Moscow Stale Universily 1.124 0 O. L. Ross'Jlimo Fisheries and Oceanography 
Zoological Museum I. R. Pavlinov Petropavlovsk-Kamchalka. USSR 
Moscow. USSR 'Starus of collection as of 1973. 
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